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Policy, and Practice was held at the Holiday Inn Conference Center In Dayton, Ohio, from 9 through

11 April 1991. The conference was sponsored by the Toxicology Division, Occupational and

Environmental Health Directorate, Armstrong Laboratory, the Toxicology Detachment, Naval

Medical Research Institute; and the Army Biomedical Research and Development Laboratory, with

the cooperation of the National Research Council Committee on Toxicology. Dr. Richard D. Thomas,

National Research Council, National Academy of Sciences chaired the Conference.

ManTech Environmental Technology, Inc., Toxmc Hazards Research Unit, coordinated the

conference und Department of the Air Force Contract No. F33615-90-C-0632 (Task No. CO0).

IA Col James N. McDougal served as Contract Technical Monitor for the U.S. Air Force, Armstrong
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1992 and am reproduced herein with permission of the publisher. The technical proceedings is

followed by an Appendix containing the abstracts of the posters presented at the Conference.

The opinions contained in this report and the views expresmed in thus papers ar those of the
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Preface

The Conference on Chemnical Risk Assessment in the on studie relevant to the Conference theme. A special eve-
Deparonent of Defense (DoD): Science. Policy, and Practice ning session highlighted doe history of the three servce
was held at tho Holiday Inn Conference Center in Daytoe, toxicology units. Sessions were held on:
Ohio, foron 9 to I I April 1991. The conference was sponsored - DoD Approaches to Chemical Risk Assessment
by the Toxicology Division, Occupational and Environme- - Pfnie of Chmia Risk Asesmn
ead Health Directorate, Armstrong .hboratory; the Toxicol- - Issue in th cec ehdlg of Chemical
ogy Detachment, Naval Medical Reseazob Institute; and the RikAssmn
Army Bliomnedical Research aid Development L.aboratory,
with the cooperation of the National Research Couincil Com- - Current Applications of Chemical Risk Assessment in
m.i- es on Toxicology. The conferince was coordinated by the military

ManTeCh Environmental Technology, knc., and was attendod - New Directions in Chemical Risk Assessment
by over 250 representatives of government, industry, and Methodologies
academnia in the Field of chemnical risk asessment - Issues in Risk Management

The goals of the Conference were to promote exchange The papers in this volume span this wide range of topics
of mnfoumation between those who develop risk assessment andwil hopiefully provide a useful resource for individuals

methdoloiesand those who perform risk assessment for the involved in the relatively new and rapidly growing discipline
D.Specifically, the goals were of ciierical risk assessmntnL

"* to acquaint DoD practitioners with the state of the art in I an grateful for the suggestions of my mnany colleagues
chemical risk assessment methodology for occupation- who took time to review the manuscripts that make up this
al niomnal, and emergency planning applica- puucee'ngs.I would also like to thanik JoAnne Barker. Pam
tiolls. Denton and Patny Fleenrm, of ManTcCI Environmental Tech-

"* to acquairitthose who performnchemical risk assessment nology, Inc., for their invaluable assistance in coordinating.
wifthterquizmunensdproblemsspecifitofthDoD. compiling. and editing that helped to bring this proceedings

"* to identiy research prioriies to imnprove the application to its completion.
of chemiucal risk assessment methods to NoD scenarios.

The Conference featured invited presentations by noted
individuals in the field of risk assessment and a poster session Harvey J. CleweUl, MI

Vi



Introduction

Harvey J. Clewell, MI
Rlsearch Manager, Risk Av-p- metn, ManTech Envirommental Technology, Inc., Toxic Hazards Research Unit,
Wright-Pa on Air Force Base, Ohio 45433

Pat dated back to a 1973 U.S. Food and Drug Asminisuation

In a way, chemical risk assessment is both a yog (FDA) regulatory document, "Compounds Used in Food-

dscipln and an old one. As Dr. Jahne ou suggests an ho Producing Animals" (Fed. Reg. 38:19226. 1973). This docu-

presetaion. while modem risk asesmnt is less tneun 20 m specified the required sensitivity of methods for

yeam old, toxicological hazard assessment is likely to have measuing trace levels of carcinogens in meat products on the
been the secod oldest profession. basis of the "maximum exposure resulting in a minimal

Our th ie n ioldest found itnecessarprobability of risk to an individual (e.g.. 1/100.000.O0)...."
Our anciet ane sto found it neme sary to gorize aHowever. mo would cosider the Supreme Court decision

ther W immnt onto foods, k eimediss n d poisbns, and by on benzene as the death knell for qualitative safety assess-
the time ofnLouis XIV, the king conidei it beneficial to hes ment. Referring to OSHA's responsibility to protect workers
own longevity to outlaw the profession of poisoner The from significant risk, the Court stated:

earliest concers related to unintended chemical hazards f i t is the A Cy's sittod

weo prompted by the association of chemical exposure with "ft is the Agecy's rsponibility to determine in

occupational illness, as first recorded in 1713 by Bemardino the first insanc what it considers to be a "sig-

Ramazzini in his classic work. "Diseases of Workers." Cor- and r s are plainly acceptable

meting on the "harvest of diseases reaped by certain workers amd theos are onein acbl .ta a ero
forom their craft and trades." Ranmzini describes the prin- ample, doe odds are one in a billion that a person
ciplecaus as: will die from cancer by taking a drink of

"ci.e cause as: &cachlorinated water, the risk could clearly not be

"... te harmful cratse of the mateorials that coniderd signif On the other hand, if the
tey handle, for these nmit noxious vapors and odds ae one in a thousand that regular inhalation
vey fine particles inimical to human beings and of gasoline vapors that ae 2% benzene will be
induce particular &5i S...." fatal, areasonable person might well consider dte

In his sudies, Rarnzani identified chemical hazards ranging risk significant and take the appropriate steps to
from heavy metas to tobacco smoke, although with regard to decrease or eliminate it." (LU.D. v. A.P.L, 448
the latter he was quick to add- U.S. at 655)

"However, let no one suppose that I wish to speak Following widespread criticism of several safety decisions
ill of a plant so celebrated that it has been dig- made by health regulatory agencies, Congress comnmissioned
nified with the title 'Queen', a p so agreeable a report by the National Academy of Science. The resulting
to all Europea, above all in those realm where document, "Risk Assessment in the Federal Government:

th use of tobacco is reckoned a profitable source Managing the Process," laid the formal foundations for
ofreverm." modem chemical risk assessment.

In spite ofoccasional episodes of "killer smog" (the most The evolution of chemical risk assessment in the military
famous in December 1952 in London, England, caused over has parmleled progress in the general community, From an
3000 deas). it probably wasn't until 1962, with the publics- early focus on occupational health effect in muniiomns plants,
don of Rachel Cmon's Silen Spring. that the notion of the Army program has expanded to include evaluation of a
lh irdmd s chemicals m a threat to the environment, the food wide rnge of chemical safety concerns: fungicides, flame
chain, mid the individual became fixed in the minds of the Mretants, fuels, smokes, insecticides, repellents, and eve-i
public. Prom ther it was a rapid downhill spira to cIe- cosmetics. In response to the gowing pubic concern for
mophobla beat charactrzed by a scmession of chemical environmental degradation, the Army has also created a
names: DDT. saccharin, FD&C Red No. 2, cyclamates, mong program in ecooxicology and biomniftoring to sup-
nitrte, asbestos ethylene dibromide. and AWrN. part the activities of( e Corps of Engineers.

The birth of mden quanitative risk assessment can be Our coimuiy's entry into the "space race" stimulated

Ix



x Chemick Risk Asessment

interest in the health effects of continuous exposures to space- to the chemical or material in the specific situation of concern;
cabin environments. In response to this concern. the Air Force this is terdmd the exposure assessmenL Combining the hazard
developed the unique exposre systems now known as the assessment for the chemical with the exposure estimate for
Thomas Domes to conduct long-term, continuous exposures the situation produces an overall risk assessment. Consider-
of test animals to potential space-cabin contaminants. The ing this estimated risk together with other costs, as well as
Navy, prompted in part by a similar interest in long-term potential benefits, to select the most acceptable alternative for
continuous exposures (for application to submarine environ- a specific scenario is termed risk management. Each step in
merts), colocated their toxicology unit with the Air Force's this process is fraught with uncertainty. As a result, the
to take advantage of the unique facilities. As the country's regulatory agencies, both state and federal, have generally
focus chdaged from space to the environment in the 1970's, employed an extremely conservative approach, with multiple
thOe saint facilities were used to assess the hazards as- safe-sided assumptions or safety factors. In recent years,
sxiated wikh a variety of Air Force and Navy propellants, however, there has been growing recognition that extremely
fuets, and fluids. conservative risk estimates may not be acceptable. Particular-

The focus of these DoD efforts was essentially observa- ly in the case of carcinogenic risk assessment, a mom realistic
tional - looking for acute or chronic pathological changes approach is needed which would atempt to provide a more
after the exposure of laboratory animals, often in large num- accurate estimate of the hazard together with an estimate of
ber. Desirte the accumulation of volumes of animal data, the level of uncertainty involved.
there was growing dissatisfction of its usefulness due to the Carcinogenic risk assessment differs from almost all
perceived difficulty of interpreting the significance of the other forms of toxicological risk assessment because of two
animal results for humans. This did not represem a deficiency key assumptions that are made. The first assumption is that
in the DoD programs, but rathe reflected the limited state of there is no threshold for the effect of a carcinogen. For other
the art of chemical hazard assessment at that time. The most forms of toxicity the assumption is made that there is a level
enduring challenge of the toxicologist is the extrapolation of of exposure - the threshold - below which the toxic effect
animal toxicity results to predict human hazard. The inherent will not be produced. For carcinogenicity the assumption is
uncertainty in the relationship between the results of made that no level of exposure, no matter how small. is
laboratory animal experiments and the actual human risk without potential for harm. The second assumption is that for
from a chemical persists to this day. carcinogens the dose-response relationship becomes linear at

Around 1980. as a first step in the direction of developing low doses. Taken together with the preference for conserva-

improved methodologies for chemical risk assessment, Air tive estimates, these two assumptions cause the action levels

Force and Navy personnel at Wright-Patterson began to in- for carcinogens (usually expressed as the concentration as-

vestigae the use of p.am ackitc techniques to establish sociated with a certain increased lifetime risk of cancer) to be

the target tissue dose derived from chemical exposure. This much lower than the action levels for chemicals producing

was a significant initiative toward a more quantitative ap- other toxicities (usually expressed as a threshold concentra-

proach for interpreting long-term animal toxicology experi- tion below which no harm is expected).

merts. The change from a purely observational approach to The pressures toward a more realistic risk assessment for

an approach that combines the traditional studies with quan- carcinogens are twofold. Furst, in many cases the principal use

titative modeling of the animal/chemical system ha ofquantitative risk assessments is for performing relative risk

developed slowly, but the new methodology is now fun- assessments, - that is, comparing the risk from two or more

damental to the Air Force and Navy approaches to chemical different chemicals. Examples include setting priorities for

hazad assessmnrt. During the same period, the Army has clean-up of environmental contaminants and selecting a

made significant strides forward in developing useful, new chemical for an operation in which none of the candidate

animal models for human and environmental risk assessment. chemicals are completely free of hazard. While such com-

In partiular, they have played a major role in the develop- p550son can currently be made for most forms of toxicity, the

mPt of the medaka fish both as a potential animal model for current quantitative risk assessment methods for carcinogens

carcinogenic biousays andasabiomonitorforeffluentsafety ignore differences in the mechanism of action of different

assment chemicals, and the heroic measures taken to asum sufe-sided
estimates result in quantitative estimates ofpotency which are

Sessentially useless for comparative purposes. Second, these
conservative estimates of carcinogenic potency have often

Chmnical risk assesment is a complex process. Firs a led to exposure guidelines which are unachievable, un-
haad sessmnent for a given chemical must be performed, measrbe or operationally unraelisdc. The significant
usually by extrapolating the results of animal toxicology monetary and operational costs associated with some of these
sawdies. This human hazard assessment must then be com. very conservative estimates demand carful scrutiny of their
binled with an estimate ofthe potential exposure of individuals reliability.



The difficulty, of course, is that the deficiencies in the computer modeling teCniques as well as by an increased
curent, extremely conservative risk assessment approach do reliance on in vitro cell culture techniques. The result will not
not provide a justification for simply reducing current risk only be greater accuracy of chemical risk assessments, but
estimates. Them has to be a scientific basis for obtaining more also significantly improved timeliness for rapid screening of
accurate estimates so that the new estimates can be defended candidate materials being considered for emerging weapons
and so that the assumptions and uncerainties involved in the systems.
pracess can be documented. Together with limited whole-animal sudies, these tech-

niques form a tiered approach which will provide the basis
Futr for useful risk assessments - risk assessments which provide

For nearly a decade the military services have stepped a realistic evaluation of the chemical hazards associated with
beyond the bounds of traditional toxicology to develop more an operation so that altmnaves can be considered on the
accurate, useful, and scientifically sound estimates of chemi- basis of chemical hazard informaton in the same way that
cal hazard. Chemical risk assessment research in the fute current trade-off studies can consider performance and cost
will undoubtedly be characterized by continued emphasis on information.
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Chemical Risk Assessment-
The Navy Occupational Approach

J. Thomas Piere, CDR, MSC
U.S. Naval Reserve, 1604 Farview Road, Raymore, Missuri 64083

hinorder for th Department ofthe Navyto withstand itost Hbtory
of Its ability to manage occupational hazards, to essentials Ti sb omasa nopsigrve fQNv
of rikassmn n rs aae thv bee p e This is bye amof meask ansssenompastingente tof ocptnallNv
for soms time. A recen literature review Indicates numerous Ofusa i raO ikmsmn etnn oocptoa
citations dating from 1925 to the present. and arviromental health and safety. These awe simply il-

Key documents pertinent to fisk assessments are lumnrations of the dedicated. efforts of coumless men and
OPNAV INST 4110.2, 'Hazardous material control and women who have devoted their professional activities to the
management.* and BUMED INST 620.8, 'Proceduree for protection of Navy and Marne Corps personnel.
obtaining health hazard assessments pertaining to operation-
al use of hazardous materials.6 Lie others, we believe that 19208
the actual at"p of risk assesament are 1) the chraterization Nv ndsrilhyinadocuatoa
of the exposure of a risk group, 2) evaluation of exhehstrpoeNvridimiaeygeenndocuaioa
studies. 3) calculation of risks and case, and 4) calculation m~edicine dates ftrom 1922 when effors began to protect civil
of an acceptable concentration or ot~w erndi pont. seavants in Navy shipyards. In 1925, the Philadelphia naval

W~hile elemnits of risk assessments as evidenced by the shipyard conducted a survey of lead poisoning and recoin-
historical development of our Navy programs are not new, our miended control stratgies. The modified Burrell gas mask
finished risk assessment strategies have yet to be developed, was recomnmended as protection against inhalation of lead
We are stllD primarily involved with the first step of &wa&a- fumnes from shipibreaking World War I dreadnvoughts.
terizngv exposures of our risk groups. __The Philadelphia vard was the scame of additional efforts

We poss5ess significan t strengths in term5 of the Navy to prevent plumbism. Sixty-two years later, Navy Ueu-
System Safety Program, which is mandated by OPNAV INST tenant Lindsay Booher's pape on "Lead Exposure in a Ship
5100-24A of October 3,1966. Although the language of this Overhaul Facility During Paint Remroval" would appear."'~
instruction does not specifically Identify risk mesesmnen sys-
tem safety strategies are useful In tie development of prob- 190
able exposure sceniarkos

Naval decision-melting is often a form of risk assessment. World War H saw broad occupational health programs
Our challenge is that of appyin scientific mehdlge, including pIeM1ploymnert examinations, injury came medical
suches those desscribedin thiscui cnene, with time-honvored stvdlrm and Windstsial hygiene field surveys. The or-
risk ass5essmnlt strategies learned at se and In th fild ganization of medical services corresponded to tie 12 naval

districts Emphasis was placedoanconservation of nanpower,
with industrial hygiene and safety still in their infancy.~

In orderfor the Department ofthe Navy to withstand test Unfofwinately. by 1946, industial health activities were
of its ability to manage occupational hazards, the essmntials eaiizd1'
Of risk asseurment and risk managefment haoe boen practiced The shipyards were the consistent focus of the Navy's
fair saume tirme A wIds range of activites afloat mit ashore effort. Throug professional associations arid pabhcations,
nuquir occupational mid =nvlrounutal health mid safety we brevalways benefitedforom the effoutof puivate shipyard
suipport A Puo lr ,- Hntm review indicates nmnemousm cits- indutria hygienista. In 1945, P.1. Wiles studie the volume
dons dating from 1925. of welding Annes produced during wc welding operations

In n ams of ihouesing budgetary concemt it is ohme and devised alsommadvee in Pei of local mid general exhaust
difficult to Justify the Navy occupational and entvirounental VenassoaM
health and safety pengrre An understanding of risk sassews In 1943, Voegftl and Wadsua) docuimented their largely

,m by amiasger may provde i Vpo -itt nsights into ef- 11hr essful, 1 -nof servic memrbers who Wa acciden-
fective allocation of rusoutoes and foste sosuM decisions on Miy intgested methyl alcohoL It is sounwetm ironi that a

PR I -aw which actloto inimise risks.~1 ) similar alcohol ingestion Incidew ocr red during Operation

3



4 chemricl Risk Assessm ent

Desert Storm. Today, we would call this ama of endeavor Otto Fuel M a liquid propellant used for MK- 46 and MK-48
clinical toxicology, but it is nonetheless per of the legcy of torpedoes. Riveri(15a published one of the firs paper mrq d-

Navy medicine. ing this propellant in US. Nmay Medicine. The critical nature
Critical mistakes have occurred in the assessment of risk, of submarine atmospheres has contributed to ex te in

A report involving chest X-ray and microscopic analysis with terms of 90-day exposure standards for chemicals. There
respect to asbestos dust exposum concluded that the in- is no more Navy-unique area of risk assessment than this type
cidence of asbestosis was low for employees with more than of analysis.
20 years of exposure.(a) It is always important to understand Sometimes our failures have attracted as much attention
critical differences between survey findings (which are as our successes. When an automated film-developing ma-
preliminary) and true studies that reflect proper experimental chine was incorrectly connected to a ship's drinking water
design. lines, 544 crewmen succumbed. Symptoms included gastro-

intestinal disease and elevated white blood cell counts. (7)

1950s Ship design and repair continue to be two very important

In the post-World War i era, demobilization contributed areas for risk assessment.

to the demise of industrial health activities. There is a paucity The 1980s saw a major attempt to develop a corn-

of published data from the 1950L. A 1959 publication ex- puterized system to monitor medical information and to
amined the nature of occupational health and safety programs generate lists of hazardous substances."'s) The electronic

for civilian employees, noting the role of the Bureau of Em- basis for Navy occupational and environmental health
ployees' Compensation and the Civil Service Commission.(9) recorikeeping is undergoing vast changes at present. Navy

Techniques ranging from general ventilation using axial authors have also played prominent roles in assessments withblowers to protective clothing (impermeable slion head respec to composite fiber field studies in recent times.(19)

coverings, goggles, and air-line respirators) were used during The preceding discussion does not encompass all oc-
the 1950s. These techniques were an attempt to minimize the cupational health efforts in the area of risk assessment; for
risks of explosion and worker exposures to methyl isobutyl example, there are many contributions made by the Navy
ketone and diluent toluene used in spray-painting ship interior Medical Reseaech Institute (Toxicology Detachment) that
space0O) Heavy emphasis was still placed on explosion will be outlined later in this volume.
potential. Rogulatwy Frmnework

VWetNam to 1992 Key documents pertinent to risk assessments are

In the 1960.. Public Laws 658 and 1028 formed the OPNAV INST 4110.2. "Hazardous material control and
legislative foundation for the Navy's program, which in- management," and BUMED INST 6270.8. "Procedures for
cluded treatment of occupational injuries and illnesses, emer- obtaining health hazard assessments pertaining to operational
gency treatment of on-the-job illnesses and medical use of hazardous materials."
conditions, and other activities.(' 1) One of the precipitating Planners often speak of conceptual models of activities.
factors in the development of Navy occupational safety and The Navy conceptual framework for chemical risk assess-
health programs was the highly publicized series of aircraft ments is built around a medical model. This basically means
carrier fires of the 196Os.(1' that we are sensitive to certain past enos that have led to

Special duty assignments such as diving and other spe- overexposure and have resulted in disease. Moving beyond
cial warfare skills also prompted the develorxent of special the assessment of risk. we have devised systems of analysis
techniques and assessments. Collison et al. pioneered the ard remediation that seek to extend coverage to related sub-
development of a direct and rapidgas chroiAto•lgrplh pro- stances and to similar exposure scenarios.
cedum for the determination of carbon monoxide in blood in As an occupational heal team, we work with safety
which the carbon monoxide normally bound to hemoglobin professionals and managers, health-care providers, and in-
is released. The method was applied to Navy divem.(13 Given dividuals specifically trained in occupational health, includ-
the recent heightened interest in bioerosol monitorin& it is ing phymcia., nurses, industrial hygienists, and others.
somewhat ironic that Wright et aL( 14) addressed bioserosol Although it might seem thata highly organizedscheme would
considerations relative to habitability and health issues as work best for risk assessment, it is also tie that diversity of
early as 1968. interests leads to a desirable synthesis.

The linkages between industrial hygiene and sdety were An examination of federal legislation and regulation
cuc to the development of Navy saety mad health regarding toxic substances will reveal that early efforts

propinru in the years following passage of the Occupational directed at limiting toxic releases or concentrations in media
Safety mad Health Act in 1970. A prim example of risk have moved toward a mor thorough examination of a
auesamuents peculiar to the Navy can be found in the ca of maerial's cherwctistics before its use. Since 1973, federal
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health and safety statutes have adopted a general safety fion of risks and cases, and 4) calculation of an acceptable
standard of "unreasonable risk" (e.g.. Consumer Product concentration.(20 )
Safety Act of 1973, the Federal Environmental Pesticide We similarly recognize the classification of the risk
Control Act of 1973, and the Toxic Substances Control Act assessment process into four broad components: hazard iden-
of1976). tification, dose-response assment, exposure assessment,

While we to date have not adopted "acceptable lifetime and risk characterizaton.'1
risk" figures, the Navy has followed this general pattern by Although elements of risk assessments are not new, as
moving toward controls related to the introduction and dis- evidenced by the historical development of our Navy
semination of hazardous materials. programs, our finished risk assessment strategies have yet to

We anm students and observers of this conference and be fully developed. We are still primarily involved in the first
other forums for dissemination of informtionconcening the of four steps; i.e., characterizing exposures of our risk groups.
"acceptable lifetime risk" issu Although the Occupational As always, this means consideration of the human focus of
Safety and Health Administration (OSHA) may use the the exposure, the concentration of exposure, the route of
criterion of I "cancer" death per 1000 workers (1:1000) as an exposure, the duration ofexposure, and the nature ofexposure
acceptable lifetime risk, others agencies differ. The Nuclear to other toxic materials that may be concurrently released.
Regulatory Commission (NRC) opts for the ratio of 1:400 for Intense regulatory pressures and workers' comnenuation
occupational exposures, whereas the Food and Drug Ad- claims have combined to narrow our interest primarily to
ministration (FDA) has interpreted court decisions to mean occupational issues. We are in the process of broadening
thatalifetimeriskofl:l,000,O0isademinimilevelofcancer these techniques to include other environmental concerns.
risk (e.g., insignificant and therefore acceptable). The Navy Although we attempt to describe exposures to particular
precedent is probably based on radiation exposures where we individuals, we still suffer information shortfalls in terms of
closely followed the NRC's recommendations. inferential means of applying these results to other in-

We must remember, however, that individuals may be dividuals (whose work patterns may differ).
exposed to a mixture of many substances both on the job and
away from the work site. Thus, the issue is one of assessing Characterization of the Exposure of a Risk Group
integrated exposures. Modem techniques of biological moni- One of the most useful techniques is the preliminary
toring and medical surveillance must be coupled with tredi- description of a possible exposure scenario. This usually
tional air sampling methodologies. involves asking a series of questions as to the nature of the

The Navy has developed procedures for obtaining health release (e.g., when, where, and how the release may occur,
hazard assessments pertaining to operational use of hazard- what is in its vicinity; and what is known about the amounts
ous materials (BUMED INST 6270.8 of June 6,1990). This and characteristics of the released agent). Remembering that
instruction has the trivalent goal of 1) minimizing health this represents a hypothetical scenario, some means of or-
hazards posed by materials or systems under development. 2) ganizing these factors is necessary.
establishing formal procedures for obtaining additional One very useful way to organize events is to use an
toxicological information for those materials, and 3) assign- event-tree or other system safety device. The U.S. Navy has
ing responsibilities within the Navy Medical Department for significant strengths in terms of the Navy System Safety
performing risk asesents. Program, as mandated by OPNAV INST 5100.24G. Al-

By viewing research and development in life sciences as though the language of this instruction does not specifically
integral to all other research activities, BUMED INST 6270.8 identify risk assessment, the instruction is specific in
attempts to nu tha risk assessments are performed early commanders' requirements that their subordinates must "es-
in the process. Not only is there a question concerning new tablish procedures to ensure timely follow-up to correct iden-
materials, but the asessment process mustextend tonew uses tifled hazards, and document with proper justification
of existing Materls. nmanagement decisions to accept risks associated with iden-

One of the key elements of OPNAV INST 4110.2 is the tiffed hazards."
use of doe oarn "life-cycle meial and equipment requir-
mewt." With this term is a realization that the problems we Evatialon of Human and Animal Studies
encounter continue through our use and disposal (e.g., req'- Other paper in this volume will outline the qualitative
cling) of substances. aid quantitative evaluation of human and animal studies,

which involves weighing many aspects of the respectiveN Riexperiments. calculation of risks and cases for non-

Like ediwt we believe that the actual steps of risk threshol and threshold toxicants follows this step.
.Maunei ae 1) the characterization of the exposure of a Much of this work is assigned to the Toxicology Detach-

rs group, 2) evaluation of expedmn studies, 3) cakcula- meet. The mission statement of the Navy Medical Research
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Institute (NAVMEDRSCHINSTITMTTE INST 5450.1D of ta, enormous concentrations of chemical substances may
November 26, 1990) charges this detachment to formulate exist on a battlefield and extend to civilian communities.
occupational and environmental health hazard evaluaons The use of chemical and biological weapons is not an
and risk assessments, including appropriate personnel ex- issue for only military personnel. These weapons are
posm limits. It also charges the Toxicology Detachment to prohibited because they do not discriminate between military
develop and maintain a cadre of Naval personnel skilled in and civilian populations. If unleashed, these agents will have
the disciplines of toxicology, health hazard evaluations, and significant effects, beginning with the very young, the very
risk assessment. old, and the most infirm individuals, all of whom are most

susceptible to toxic substances.(22)
Assigning Acceptable Concentrations

Historically, we have relied upon OSHA's Permissible ON Smoke Toxicty Issues

Exposure Limits or the Threshold Limit Values and Biologi- As clouds of dense smoke rose from the burning oil fields
cal Exposure Indices from the American Conference of of Kuwait, data concerning the nature of exposures to United
Governmental Indusuial Hygienists for the interpretation of StaM. personnel became critical. It was necessary to record
occupational exposures It is becoming more incumbent upon and archive these transient exposure conditions.
us to derive acceptableconcenumtions, not only for workroom Simple monitoring of combustion-product pollutants
air but also for other media and environments. As it becomes was conducted, along with evaluation of fire safety proce-
more difficult to complete this task, we are made aware of the dures. Using a team skilled in occupational and environmen-
presence of particularly susceptible individuals in the work- tal health and safety, multi-agency monitoring has begun to
place for whom such standards may be misleading. address exposures to crude oil. volatile hydrocarbons, sulfur-

Although the Department of the Navy is not a regulatory containing compounds such as hydrogen sulfide, combustion
agency, we ame affected in our thinking by confusion concern- products, and other agents and stressors.
ing the use of conservative, realistic, and worst-case exposure Exposure monitoring was intended to form the basis for
scenarios. Regulatory agencies, most notably the U.S. En- the design of epidemiologic studies. When critical exposures
viaromental Protection Agency, have been affected by Ex- are identified, we will seek to identify both exposed and
ecutive Orders 12291 and 12498, which reflect the Office of unexposed groups. From a health effects standpoint, we wish
Management and Budget's concern over worst-case exposure to examine the spectrum that begins with exposure and pos-
scenarios. Numerous caes exist in which there is difficulty sibly extends through the stages of biochemical and his-
in assigning the scenario conditions. topathological changes, organ system dysfunction, and

orgnismal disability.
Lessons Learned from Operadon Desert storm Future Concerns

Chemical and Biological Weapons Defense Concern obviously exists because of the ecotoxicologi-

Chemical and biological agents may be of the ordinary cal hazards stemming from the oil, its constituents, and its

type or they may be warfare specific. Before and during combustion products. Operation Desert Storm contains im-

Operation Desert Storm (ODS), efforts were focussed on portant lessons related to occupational and environmental

many elanents of risk assessment relative to chemical and health. The importance of these lessons is underscored by

biological weapons. Ironically, while use of these instuent operational issues that require detailed assessment of risks

of human misery was curtailed, the Iraqis set hundreds of oil and hazards.
wells on fire and released million-gallon quantities of crude
oil into the Persim Gulf.

In our assessment of military risks pertinent to chemical I. Rl, P.M.: Risk,1 Ammn AppL XId. HM 4(7 F23 (I939).
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is 1110 Scrapping of Naval oiON V hL J. lod Hyg. Tosicol. 8:113 (1926).
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with respect to monitoring and decontaminating chemical a Slpyn ea" Cankrm L• AnsVIM. CA (1973).
warfare agents when industrial pollutants ae present. I FIX SA. U.S. Navy Shipyard Ocawionl Medicine irousah
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framework for protection from orneutnlization of biological (1):71 (094n.
and chemical agents is that it is difficult to envision the I Vo1pL, W.L• WOL C.: Navy Mied. aiL 41(6):1715 (1943).Fhihu, W.,• Yii. FJ.. Drlaku. P. A..: Hel Stormy of Pilpe
pirpofial use of toxic substances. Workers we intnquendy L F. CW aýus i vm m• pi.; p. ,i. Hp.,
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U.S. Army Approach to Environmental
Risk Assessment
Paul R. Thies
U.S. Army Eniownna Hygiene Agency, Aberdeen Proving Ground, Maryland 21010-5422

Thebi"wing is the abstraa of thepresentatio by Mr. Thins. USAEHA uses a matrix of environmental scientists, en-
His papa is wot availablefor publicatio at thi time gieresm, toidcologists, and physicians to provide technical

review of all documents involvng HRA from the initial Scope
The U.S. Army began the Installation Restoration Pro of Work in the RW/S process through the fia reviw of the

gramn In 1972. Currently, the Health Risk Assessment (HRA) Record of Decision, In addition. USAEHA provides limited
documentation is prepared by contrctoradur ingte Remedia in-house field data collection and HRA documentation
In We "lgton'feasblty Study (RI/FS). Although members of preparation, and coordinates the Army involvement with the
the Army MW~edical Department have informally reviewed the Agency for Toxic Substnces and Disease Registry.
HRA documYents since the mid-I Bfs, the U.S. Army Envion- To date, U8AEI4A has reviewe over 300 documents,
mental Hygien Agency (USAEHA) was fomally tasked to prepared 5 HRAs, and saved the U.S. Army over $20 million
perform the technical review in 1969. by correcting nmarflaws with contractor-provided documents.
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Risk Assessment/Risk Management for Emergency
Response Operations

Edward C. Bishop
Office of the Air Force Surgeon General, HQ USAF/SGPA, Boiling AFB, Washington, DC 20332-6188

A basic approach to risk m management systems development divisions to evaluate hazardous
applied to opwaOnal and enwiecy response scenarios is materials prior to incorporation into the weapon system.
discussed. Examples hWighit problens and sucesses in Ideally, these offices will identify candidate hazardous

imp UnlfeId wed al o presented. Applications v materials to the Toxicology Division of the Occupational and
from conditions where the hazardous material of interest is an m e ntal Heath Direct o n of t rn Laborato ry.
Air Force unique material and involves a limited Air Forc Environenta Health Directorate of Armstrng Laboratory,
population at risk to conditions w potenial exposres AL/OET, Wright-Panerson AFB, Ohio, for hazard assess-

Invole the public. Also discussed is Air Force partdpatIon in ments. The research toxicologists at AL/OET evaluate exist-
th risk asaessmenttrisk management process for hazardous ing human and animal toxicology data and initiate research
materials that are not unique to the Air Force. A formal policy to fill the identified data gaps.
framework for implementing die risk Animal exposures are performed in the Thomas Ex-

mana1mxt mckdto ensure11 Air Force employees andthpui nt pmodelted to an sure ir is leeel ies aroosed posure Domes. AL/OET was involved in the initial develop-ment, and it continues to be a leader in the rapidly developing

ntroduction field of toxicokinetics. Toxicokinetics involve the identifica-
tion of an animal model with a metabol-ic pathway similar to

The assessment and management of risks associated with humans for the hazardous material of interest. Effects in the
the use of new or existing hazardous materials is an important animal model are then scaled using toxicokinetic methods to
aspect of weapon system support. The following discusses a estimate the effect in humans. This toxicokinetic method
risk assessmentf/risk management (RA/RM) model applied to provides a more accurate hazard assessment of the hazardous
operational and emergency response scenarios. Examples are material in humans than the normal inter- and intraspecies
presented to demonstrate the application of the model to Air extrapolation techniques of traditional toxicology. The
Force operations. ALOET also has the in-house and contract capability to

perform predictive in vitro toxicology screens such as en-
Operadional RA/RM Model zyme release, mechanism of action, and genetic testing.

Risk assessment is the process of determining the ex- Retrospective hazard assessments are performed on haz-
pour level dth will protect the affected population from ardous materials for which toxicology data already exist. The
aspecified risk of developing disease. The basic RA/RM hazard assessment may be required because the hazardous
model shown in Figure I depicts risk assessment developed material is new to the Air Force or because the Air Force is
from both a hazard assessment and an exposure sessment. considering a new applicaion for an existing hazardous
It is important to note these an dependent assessments. Risk m p ve s are performed by
management is the process of considering the risks and ia- toxicologists and epidemiologists at the Occupational
pleenng the risk asse t in the opersti. Medicine Division, Occupational and Environmental Health

Directorate of Armstrong Laboratory, Brooks AFB, Texas

N@rdAas@Wm•o• (ALJOEM). They evaluate existing toxicology and
epidemiology data and exposure guidelines to perform the

Within the Air Force, hazard assessment can be further hazard assessment. Significant toxicology data gaps are
broken down into prospective and retrospective hazard as- refered to the Toxicology Division. Often this review will
sessmenru. Prospective hazard assesumnt are perfomed on directly result in the risk assessment based upon exposure
new or existing materials for which te an few toxicologi- guidelines (risk assessments) for similar materials. An ex-
ca dae on which to baie the assessment. Preferably, this is smple of this alternative is the risk assessment for JP-4 jet fuel
done at the beginning of weapon system development. To ths based upon published risk assessments for similar hydrocar-
eAd, dwe Air Force has established offices in the major weapon bon materials.

S.......... . .. . . . -- -- i m i m m mm 11
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lifetime exposure is the basis for the Committee on Toxicol-
HAZARD Expo•.uRE ogy (CoT) Short-Term Emergency Public Exposure Guide-

ASSESSMENT ASSESSMENT lines (SPEGL). In addition to frequency, duration is also a

factor in determining exposure assessments. Will the ex-
posure be relatively short as in the case of spills (the time for
the cloud to pass or for evacuation to occur) or will the
exposure be 8 hours per day in the occupational setting?RISK

ASSESSMENT Risk Assessment

The hazard assessment and exposure assessment are
integrated to produce the risk assessment - the acceptable

RISK exposure level. Risk assessments are usually performed by
MANAGEMENT industrial hygiene or toxicology consultants. However, they

may also be performed at our installations by the base bioen-
FIGURE 1. pumaai RAIRM modeL vironmental engineering services (BES) office. The BES

personnel measure exposure and compare the results to ex-

Exposure Assesment posure guidance for similar hazardous materials and opera-
tions to determine the risk assessment to the Air Force

The other major component of the risk assessment is the employees. The BES personnel may also contact an Air Force
exposure assessment which identifies the levels and routes of consultant from the Armstrong Laboratory for additional
likely exposure to the hazardous material. Air Force exposure guidance in the risk assessment These consultants have ad-
assessments are primarily performed by industrial hygienists ditional resources available and often have expertise in
assigned to the AL/OEM. The exposure assessment identifies specific hazardous material areas.
the population at risk. It determines if exposures are limited The risk assessment can also be performed by existing
to Air Force personnel or if there is the potential for public outside consultant contractors. For installation restoration
exposure. It also identifies the potential for exposing sensitive program (IRP) sites, health assessments are performed by the
subgroups such as children, fertile females, asthmatics, etc. Agency for Toxic Substances and Disease Registry of the
Potential public exposures of Air Force interest include emer- Centers for Disease Control. (Department of Defense IRP
gency response operations involving the accidental release of sites are similar to the civilian Superfund sites.) The more
rocket propellants. usual approach for Air Force unique hazardous materials or

Also key to the exposure assessment is evaluation of the operations i to request the CoT to develop the risk assess-
analytical methods to measure exposures accurately. mrient. This is especially appropriate when the potential for
Methods must be available to determine airborne and surface public exposure exists. The independent, third party review
contamination levels when appropriate. Implementing a risk by this eminent body of scientists is extremely valuable in our
assessment requiring a very low acceptable exposure is quite efforts to both ensure and commriunicate our commitment to
difficult if the exposures cannot be measured. Also important public safety.
to the exposure assessment is the identification of any biologi-
cal markers. Biological makers can be a very useful adjunct Carcinogen Risk Assesment
to other exposure monitoring. The Air Force addresses risk assessments for car-

The exposure assessment must also address the potential cinogens differendy from other hazardous materials. For
levels of exposure to the population at risk. This can be carcinogens, the acceptable risk appears to be in the range of
accomplished from actual measurements, comparison with one caner case per 10,000 exposed (I0-4) to one cancer case
measuremrits from analogous hazardous materials fron per milion exposed (10). Although this is not published in
similar operations, engineering calculations of evaporation, the literature, the Occupational Safety and Health Ad-
and dispersion models in the case of spills. Surface con- ministration (OSHA) usually regulatm workplace exposures
tunination must also be addressed for materials with low to carcinogens to a risk of approximately 10"4. The U.S.
vapor presure. Examples include polychlorinated biphenyls Envuenamental Protection Agency (EPA), however, usually
and dioxis in transformer fires and methylene diiniline regulats carcinogens to 10". The difference in rationale is
associated with curing of composite materials. due to the difference in the exposure assessments. OSHA

Po1etal exposure pattern mus be detmined or es- asurnes a healthy workforce exposed 8 hours per day, 5 days
tiauLed. Wdll the exposures occur daily as in occupational per week for a 40-year working lifetime, whereas the EPA

posures or is the potential for exposure ones per lifetime, asmes the general public is exposed 24 hours per day for a
a is asmed for accidental exposures? ThisM os-- 70-year lifetime. The general public includes sensitive
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populations such as children. elderly, infirm, etc. An important aspect of risk management is risk comn-
Based upon the hazard assessment (total dose per unit munication. It is important that the potentially exposed

time), the acceptable risk exposures are calculated for the population understands the risk and efforts to minimize thi
at-risk population using a linearized, multistage model. As an risk. T-itle HI of the Superfund Amendments mnd Reauthoriza-
example, the SPEOL for unsymmetrical dimethyl hydrazine tion Act (SARA) requires users and storers of hazardous
(UDMH) (a rocket propellant) is 24 ppm for I hour. The materials to notify the surrounding community of the types,
hazard assessment was based upon a carcinogenic risk of le~ quantities, and hazards as well as the risk of accidental
for Fischer 344 rats for a 2-year. continuous exposure at 0.01 release. It also requires coordination of emergency response
ppm. The exposure assessment for a 1-hour, once-per- actions.
lifetime exposure results in the risk assessment expressed The OSHA Hazard Communication Standard (29 CFR
above as a SPEOL 1910.1200) requires that all hazardous materials be evaluated

to ensure that hazards are identified and that this information
Nonarnangen Risk Assessment is tranmitted to the worker. Thi is accomplished through 1)

For oncrcioges. te mm todiiona toicoogyap- labeling and material safety data sheets that provide safety

proach is used. Fuirt, the No-Observed-Adverse-Effect Level anhelhifrtonntehzrdumtrasnd2
(NOAEL) or Lowest-Observed-Adverse-Effect Level training on their hazards.
(LOAEL) is determined from animal data. To this value,
safety factors of tenfold for interspecies and another tenfold F~k Assessment Problems
for intraspecies differences, are added. Other factors may be Problem~s in risk assessment can occur when the risk
added to account for low- verses no-observed adverse effect assessent is not coordinated with the appropriate offices,
and sensitive populations. thereby failing to consider all aspects of the risk. Problems in

The risk assessment for monomethyl hydrazine (NOH" risk management can occur when too much emphasis is
(a rocket propellant) resulted in a SPEOL of 0.52 ppm for I placed on the operational considerations at the expense of the
hour. This was based upon dose-related hemolytic: anemia health aspects of the risk assessment.
with Heinz body formation in dogs chronically exposed (6 Problems can affect Air Force health policy when a risk
hours per day, 5 days per week for 6 mnonths) at 0.2-5.0 ppm' assessment is developed or concurs with an exposure
MMHL This is equivalent to 156 ppm for 1 hour. Applying guideline without the approval of the Air Force Surgeon
the 0OD-fold safety factors for species differences and a3fold General. This may establish an Air Force standard, which is
factor to account for the LOAEL verses the NOAEL yields the authority of the Air Fmre Surgeon General. 'The risk
the 0.52 ppmn SPEGL assessment can also affect mission operations. For example,

Risk1MI entarecent assessment of isocyanate painting operations resulted
Mgunentin a decision by the operators to eliminate polyurethane paints

Risk management is the implementation of the risk as- on the weapon system and to search for a suitable substitute.
sesament to ensure all affected populations are protected to The risk assessment was not coordinated and may have
the underlying risk assumptions used to develop thle haar overestimated the hazard.
and exposure assessments. Risk management is practiced The Air Force has the ability to perform top-quality risk
daily at Air Force installations. The BES personnel compare assessments. However, consultants developing these risk
measured or estimated exposures levels to risk assessment assessments may not realize the overall Air Force implica-
information and recommnend protective measures. tions of these assessments. Problems associated with the risk

Manasging risk may be accomplished by using safer assessments developed within the Air Force are primarily a
substitute materials. W~hen this is not possible, engineering result of the lack of a formal policy framework for the
controls are the method of choice to protect the potentially development, coordination, and dissemination of risk assess-
exposed population. Administrative controls can be used to merits.
minimize the period of exposure. However, this is generally An example of a problem associated with hazard assess-
limited to radiation exposures and is not used to protec ment occurred in the are of indoor air quality. Our consult-
agpinst hazardous material exposures. Personal protective ant recommended a lower level of carbon dioxide than
equipment, primarily in the form of respirators, may also be indicated in other consensus standards. Although the indoor
used to minimize exposures. In the case of potential public airquslity of the office in question may have needed improve-
exposure, models predict the dispersion of the hazardous merit, the very low recommended levels resulted in 30 dif-
material and operations awe halted if public exposure above ferent bargaining issues with the local union. This almost
d. SPEOL is possible in the event of an accident. This resulted in arbitration and the associated problems.
approach is routinely used to protecthde public during rocket A probable analytical error nearly resulted in an Air
lurwhua. Force-wide alert to evaluate all family housing units for
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mercury. Mercury is used in latex paints as a fungicide. An copy to the major command for review. A recommended
exposure ssessment was initiated after a woman was diag- approach is verbal prereview with the major command and a
nosed as suffering from mercury poisoning several months written follow-up.
after her husband painted their quarters with a mercury-con- If the risk assessment is beyond the base BES
taining latex paint. Initial sample results indicated extremely capabilities, the base can forward the request to an Air Force
high mercury levels 1 year after the painting. Although it is industrial hygiene or toxicology consultant at ALJOET or
possible the woman did receive sufficient mercury to exhibit ALbOEM. These consultants complete the risk assessment
symptoms of mercuy poisoning, this was probably due to the and send it to the requestor with a copy to the Air Force
high levels present immediately after spray painting. Follow- Surgeon General's office. If the risk assesument is potentially
up sampling resulted in levels within guidelines, which were controversial, either due to the material or the population
probably more representative of actual conditions. exposed, the risk assessment should be forwarded for review

Isocyanames are an example of problems incufed in the prior to release.
risk assessment. The initial hazard assessments are based If the risk assessment involves potential Air Force-wide
upon exposure to isocyanate vapors. With the reformulation exposures, the Air Force Surgeon General's office should
of polyurethane coatings, the primary source of isocyanate oversee the development of the risk assessment using in-
exposures in the Air Force is isocyanates in aerosols, not in house resources (AL/OEM orALOET). This risk assessment
vapors. The analytical method to determine the exposure should be reviewed by the Committee on Toxicology. This
assessment is also questionable because it samples the vapor independent, third party review provides valuable credibility.
and is less effective in capturing the aerosol component. An example of this approach is the risk assessment for

chlomtrifluoroethylene, a new hydraulic fluid scheduled for
Problems In Risk Management use in advanced aircraft.

The risk assessment levels are used in dispersion models Risk assessments for materials where there is a pos-

to predict potential public exposure in the event of an accident sibility for public exposure or public concern should follow

involving rocket propellants. Problems in risk management the general procedure for Air Force-wide exposures. How-

arise in the application of these dispersion models These ever, additional cooperation with outside agencies, such as

models are subject to variations in predictions based upon the EPA and OSHA and possibly manufacturer should be pur-

input assumptions, e.g., source srngth, instaaneus sued where applicable. Examples include the routing risk

evaporation, lack of accounting for evaporative cooling. assessment for nitrogen tetroxde, which involved coopers-
However. rather than addrs these shotcominis, risk tion with the Department of Transportation and the manufac-
managers often request relaxation of the risk assessment turer. An ongoing risk assesument involves the identification
exposure level. Although risk management can incorporate of substitutes for Halons. The Air Force is currently cooperat-
operational considerations, it is inappropriate to adjust a risk ing with the EPA and manufacturers to perform the risk
assesument solely to meet operational constraints. a sments for potential substitutes. Again, this risk assess-

ment should be reviewed by the Committee on Toxicology.

RA/RM Model Another area of risk assessments includes materials that

A policy framework for the pcoordinatio the Air Force uses but which are not unique to the Air Force.
ari p o- ofrimewok assessments shouldaddre. sevel The Air Force should participate in the risk assessment

diffsst exomia t eon rios Thew include risk assessments process to share our experience and data and to ensure that
dffer epFosurce sciquenharious. These rinclue wh ases ents Air Fore operational conditions are considered. Ways in
for Air Fore unique hazardous materials with different which the Air Force has and will continue to participate
peally exposed populations. This potnalaon could be a include providing testimony at OSHA hearings, such as for
small Air Force population, such as potential expourue to methylene dianiline; reviewing National Insttute for Oc-

nitrogen tetroxide during rocket propellant loading; Air

Force-wide exposures to hydrazine from F-16 aircaft openr- ceas to our facfiities during stadards developmenta work-

ions. or potential public exposures to nitrogen tetroxide or ing with EPA on the toxicokinetic model now used for

UDMH during propellant transport over public highways or methylene chloride risk a ments; and particputing on

in the event of a launch accident. The policy framework must many American Society for Testing and Materials cmmit-

also address risk assessments for hazardous materials that ar mm

not unique to the Air Forc Examples include isocyanates

mad inolor air quality contaminants.
For limited exposure populations to an Air Force unique

maerial, BBS personnel can perfotn the risk assessment In summry, risk assessment consists of two inteelated
bosed upon published exposure guidelines. The BES person- c mpo-n-to - hazard assessment and expmou assessment.
de should send the risk assessment to the use and forward a TM hazard assesment defines the potential for the material
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to caumn illness or injury to an exposed population. The determined from the risk asseusment.
exposuY a defines the population Potentially ex- A policy frmwork such as that outlined rnads to be
posed, the mutes and lvels of exposume, and the probable followed to ensure consistent development and inplementa-
fequency and duration ofexposure. Risk management is then tion of risk assessments within the Air Force. This will ensure
the implemenation of the risk assessment to emure potential- that risk assessmens properly reflect the policies ofthe Office
ly expoed populations am protected to the level of risk of the Air Force Surgeon General.



Four Decades of Scientific Service:
The Committee on Toxicology

Richard D. Thomas
Committee on T-3xicology, Board on Environmental Studies and Toxicology, National Research Council, National
Academy of Sciences, 2101 Constitution Avenue, Room No. HA354, Washington, DC 20418

Since 1947, the National Research Council's Committee Introduction
on Toxicology has provided military and civilian agencies with The Committee on Toxicology (COT), part of the Board
scientific information and expert advice on difficult m s on Environmental Studies and Toxicology (BEST) of the

volvng toxicology and the health effects of hazardous sub- National Research Council's Commission on Life Sciences,
stances. In doing so, the Committee on Toxicology has made has provided military and civilian agencies with scientific
important contributions to the field of toxicology and to occupa- information and expert advice on difficult issues involving

el and national security. toxicology and the health effects of hazardous substancesTheNas Rer sean c t Cology, 's Che mis tty, I ndsi hoxeiu, since 1947. In doing so, COT has made important conmbu-
ogy has expertise in toxicology, chemistry, Industrial hygiene, tions to the field of toxicology, and to occupational safety andepidemiology biochemistry, occupational health, pharmacol- national security.
ogy, Physiology, pathology, and risk assessmnt Te Today, COT's members continue to include some of the
Committee's specifc responsibilities to its sponsoring agen- nation's leading experts in toxicology, chemistry, industrial
ces (primarily the Departmentof Defense) inciude responding hygiene, epidemiology, biochemistry, occupational health,
to questions of broad scientific policy; making interim recom- pharmacology, physiology, risk assessmen and pathology.
mendations on allowable concentrations of air contaminants Ti e Committee assistsythe governament in pathr ways:
for emergency and continuous exposure; providing scientific
and technical information on materials and equipment that are I. As a source of expert advice in identifying health risks and
used or proposed for use by military and civilian agencies; in developing acceptable exposure levels.
organizing workshops and seminars to disseminate informa- 2. As a convener of workshops and seminars to disseminate
ion and develop scientific consensus; recommending toxico- information and develop scientific consensus.
logic investigations or other' edentifc research; recoi- 3. As a source of scientific and technical information on
mening the elimination of redundant toxicologic res; materials and equipment that are used or proposed for use
and providing advice on and, If necessary, participating in field by military and civilian agencies.
studiee conducted by a sponsor.

Over the years, the Committee on Toxicology has recom- This paper will highlight some of the Committee's work over
d emergency exposure guidance l a its four decades of service and will describe its current ac-

tinuous exposure guidance levels for hundreds of substance tivities showing their range and diversity.
used (or encountered) by Department of Defose Personnel.
In maltngsmc . I ofIda , ormdot p Background
rik assessments, especially for carcinogenic substances. The National Academy of Sciences (NAS) was chartered
The actenria and methods for calculating cmrcinogenic risk from by the U.S. Congress in 1863 as a private, independent body
low levels of long-temi exposures to high-leve short-term dedicated to furthering science and technology and advising
exposures (I to 24 hr) or for continuous exposure for up to 90 dwh fderal government on request. NAS and its associated
days (submarine exposure sconario) have been piubished. orgaruzations, the National Academy of Engineering, the
Several workshops have also ben organized by dte Commit- Institute of Medicine, and the National Research Council
te to develop methodology for conducting risk assessments (NRC), constitt one of the mos important, independent.
for mutegens, developmental and reproductive toxicants, and expert advisory mechanisms for the formation of science and
wolnogenlo mixtures. Thus, the Comumte on Toxicolog technology policy in the United Stanes and, perhaps, in the
has been at the forront of the developmen of risk assess. world. NRC is the working arm of NAS and the National
mrw methodology for the protleco of health and for the Academy of Engineering, canying out most of the studies
regulaton of toxc chemicals. dam in heir names. NRC prepares and distributes about 200
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reports each year on matters of national, scientific, and tech- pathology. Members are chosen for their professional ability,
nical importance. judgment, and integrity. They bring to the Committee's

Most of the studies on which the reports are based are deliberations the competence that makes for thorough ex-

canedoutby commiespanels, andworkinggroups(about amination of the problems presented. They serve without
1000 throughout the NRC in a typical year), consisting of monetary compensation, responding to a sense of profes-

scientific, engineering, and medical experts. The NRC reports sional and national service. Ten of the current or put Corn-

are readily available to government agencies, Congress, the mittee members have been presidents of the Society of

private sector, the academic community, the press, and the Toxicology, and the current roster includes members of the

general public. Institute of Medicine, the Envionmental Protection
Agency's Science Advisory Board, and advisers to the Inter-

History national Agency for Research on Cancer.

Most of the work of COT is carried out by its various
The Commiute on Toxicology isone of1teodest sad- subcnmittees and working groups. Additional Committeeing committees of NRC. Organized in 1947. COT was membiersandioutside consutants arecalled upon tojoin these

originally intended to be a domestic counterpart of the Com- groups when special experntse is needed for partcular studies.

mission de Toxicologic of the International Union of Pure and

Applied Chemistry and to represent the U.S. professions of SWISS
toxicology and industrial hygiene in international affairs.
However, it was quickly recognized that there were many After more than 40 years and almost 700 studies and
important domestic needs for its services, especially in the reports, COT's publication list has come to reflect the breadth
armed forces, and federal agencies began to request its advice, and depth of modem toxicology and environmental health

science. Three characteristics of COT's work illustrate the
Missions range and scale of its output: the number of specific materials

The missions of COT are to provide advice to its spon- whose toxicity and health effects it has evaluated, the breadth

soring agencies (primarily the U.S. Army, U.S. Navy, U.S. of toxicologic topics and concerns it has addressed, and its

Air Force, and National Aeronautics and Space Administnt- contributions to the methods of modern toxicology.

tion [NASA]) on toxicologic matters; to serve as an informa-
tion clearinghouse; to identify information gaps; and to
recmmend research that can help to solve its sponsors' During the past four decades, the COT has analyzed
toxicologic problems. The specific responsibilities of COT to hundreds of potentially toxic materials to which Department
its sponsoring agencies include the following: of Defense (DoD) personnel are likely to be exposed in a

"* Responding to questions of broad scientific policy. modem, technology-intensive military establishmenL A few

"* Making interim recommendations on allowable con- of the materials are unique to military applications, but many

centrations of contaminants for emergency and con- others are common in a modem industal society, particular-

tinuous exposure. ly in the petrochemical, transportation, and electronics sec-

"* Recommending the performance of toxicologic and tors. Still others have broad applications and can be found

other scientific research or the elimination of un- around the home or farm.

necessary research. It would be burdensome to name all the specific chemi-

"* Providing advice on field studies conducted by a cs involved, but the following tabulation lists many of the
sprovidin and.icon request. assistingdinhes c ndterptypes of materials for which COT has provided toxicologicsponsor and, upon request, asisting in the intepes information and advice to its sponsors:

tion of the results of the studies.
The repor produced by COT. like all NRC repot, contain • Munitions - explosives, pyrotechnics (e.g., signal

CdioyO Tand likmedallNRCreors the o notflares), obscurants, and chemical warfare agents and
advisory infornmaion and r emnmdaumm they do nottiercenis euro.

present standards, and they do not contain judgments regard- tir c preursor.

ing the acceptability of health risks. e Fuels- fuel additives, propellants, diesel and rocket
fuels, and their combustion by-products.

Membership • Engine fluids-- hydraulics, lubricants, coolants, and

COT is composed of approximately 20 anticorrosion agents.

nomianatd for 3-year terms. Members include national and • Coatings - dyes, paint additives, varnishes,

inuuratianal leader in such fields as toxicology, chemistry, sealants, adhesives, and adhesive removers.

ihn trial hygiene, epidemiology, biochemistry, occupation- • Cleanr - solvents, dry-cleaning fluids, dewt-
al bealth, pharmacology, physiology, risk usuaun .t, ard gents. disinfectant. ad sterilants.



Thomas19

" Biocides - pesticides (especially insecticides), her- Methods In Toxicology
bicides (including paraquat and Agent Orange), and The Committee on Toxicology has contributed to the
fungicides (e.g., for protecting leather boots). development of the field of toxicology through its work on

" Toiletries - insect repellents, sunscreens and other toxicologic methodology. It has also assisted its sponsors in
protective creams, dandruff shampoos, and developing theirtoxicologic capabilities and procedures. On
camouflage face paint. of COT's early reports was ArmedForces Review of Occupa-

" Food-related substances - purifying agents and tional Health Methods and Equipment, a 1955 report of

contaminants in potable water systems, anticor- proposed techniques and instrumentation for the Army.
rosion agents in food service equipment, fuels for The Committee has helped the Coast Guard to develop
heating rations, heat-sealed plastic wrapping for classification and rating systems for hazardous materials and
meats, and preservatives for wooden chopping has helped other sponsors to develop operational and safety
blocks. procedures for handling toxic materials and mixtures, includ-

Miscellaneous substances - duplicating fluids, ing protocols for monitoring, surveillance, and testing. Assis-

heat-sensitive and electrosensitive recording , tance was provided to NASA in setting up a system of basic
shrink-proofing and fire-retardant trepam ents for units for expressing concentrations of atmospheric con-
shrink-proorm, and fire-etn hng foa s adoter taminants in spacecraft. The Committee has also revieweduniforms, and fire-extinguishing foams and other methods for several Air Force epidemiologic studies, includ-agents- ing protocols for its study of the health effects of exposure to

Agent Orange and its contaminants.
d ProvWded The Committee not only evaluates toxicity and recom-

mends exposure guidelines but also addresses the principles
The centy focus of COT's work is the evaluation of on which evaluations are conducted and the criteria on which

toxicity of individual substances. However, its reports have guidelines ar based. For example, COT has published a
also addressed the composition of materials and the toxicity number of reports designed to establish principles and proce-
of their components, offgases, and pyrolysis products; dif- dures for evaluating the toxicity of various categories of
feenmtial and comparative toxicityi, and major outes of t x- substances, notably highway fuels (1976) and household
posurek including inhalation, ingestion, absorption through substances (1977). It has also published the proceedings of a
skill, and injection, workshop on principles for evaluating chemicals in the en-

For many hazardous substances, the Committee has vironment (1974). Standards proposed by the Committee
made recommendations regarding continuous exposure for were later adopted by the Environmental Protection Agency.
upto90days forsubmarmne atmospheres and possible accept- The focus on methods has been especially important in
able emergency and short-term exposures. Recommenda- COT's work on short-term emergency exposure guidelines,
tions on limits for exposures have been among COT's major as demonstrated by four major reports:
contributions. * Basis for Establishing Emergency Inhalation Er-

The Committee has addressed the impacts of many toxic posure Limits Applicable to Military and Space
substances, including their effects on plants, animals, and Chemicals (1964).
even materials, as well as their effects on human health. It has - Basis for Establishing Guides for Short-Term Ex-
reviewed acute effects; carcinogenicity and reproductive ef- posures of the Public to Air Pollutants (1971).
f&cts and organ-specific effects, including hepatic and renal
efficts, blood diseases, and damage too the cenral nervous Criteria for Short-Term Exposure to Air Pollutants
system. COT has also assisted its sponsors in: (1979).

"* Developing exposure recommendations and proce- - Crtera and Methodsfor Preparing Emergency Ex-
dures for the safe handling, use, and disposal of posure Guidance Level (F.EGL), Short-Term Publichazardes fmatehalis. Emergency Guidance Level (SPEGL), and Con-

tinuous Exposure Guidance Level (CEGL) Docu-
" Poposing precautionary and protective measures for ments (1986).

exposed personnel.
"• Establishing protocols for monitoring of substances Selcted Rports

and suWveillanc of personneL A recem compilation of COT publications - regular
On several occasions, the Comminee has addressed techni- reports, pamphlet, and letter reports - list 697 documents.
quas and substances for treatment and decontamnination, ranging from a few pages to some with more th 1I000pages.
many of which cany toxic risks. Several of these are described below.
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Shod-Term Inhalation Eiposure Levels The Committee's recommendations have been used by
it e Army, the Navy, and the Air Force as working standardsOne toxicologic issue pioneered by COT is that of acute ofsndrsrmthOcptoalaeyan

toxicity assessment and emergency responses to short-term ieathe Abenl standon (OSHA e.

exposures Early in the 1960s, COT began receiving requests

for information to be used in planning responses to accidental Submarin ata& ily
spills of such materials a rocket propellants and oSher haz-
ardous chemicals. It was asked to establish guidelines for From its beginning, a special focus of COT's work for
acceptable, brief inhalation exposures to airborne chemicals, the Navy has been to recommend concentrations of amios-
much shorter than ite daily, 8-hour exposure (for 5 pheric contaminants diot would be acceptable for a crew
days/week, 50 weekstyear, for 50 years) that was con- working in the closed envionment of conventional and
templated by the American Conference of Governmental nuclear subm arines for up to 90 days. Chemicals of interest
Industrial Hygienists (ACGIH) in recommending threshold to the Navy included not only the usual fuels and solvents
limit values (TLVs) for industrial workers. (e.g., die Freonsr used to clean electric generators) but also

In 1962, COT appointed an ad hoc committee to outline pesticides, photographic developing chemicals, cigarette
the first principles for such recommendations. The resulting smoke, and even the fumes and combustion products of
report, published in 1964, concerned itself with emergency sound- and vibration-damping tiles used in submarines.
occupational exposures, e.g., accidental and unprdctble In 1969, COT's various recommendations were con-
exposures of 10. 30, and 60 minutes. (Some sponsoring solidated ina letter report on the acceptable concentrations of
agencies had requested that limits be considered for ex- 14 air contaminants, and for several years thereafter, the
posures as brief as 1 minute, but the ad hoc committee felt Committee issued repots on the concentrations of these
that such recommendations would have no validity or practi- contaminants actually found in submarines. In 1985, COT
cal value.) The report recommended emergency exposure established the Subcommittee on Submarine Air Quality with
limits (EELs, now called emergency exposure guidance three panels: 1) Panel on EEGLs to develop emergency and
levels, EEGLs) for II toxic materials importantto the military continuous exposure guidance levels (EEGLs and CEGLs)
and space agencies. The reconmended exposure levels for potential contaminants in submarines; 2) Panel on
ranged from 2 to 60 times the TLVs for tde same substances. Monitoring to review the analytical techniques used in
The wide range led COT to the conclusion that individual, monitoring submarine contaminants and 3) Panel on Hyper-
short-tern exposure limits could not be set by applying a barics and Mixtures to study the possible health effects in
single constant ratio to TLVs and that additional scientific divers from breathing compressed submarine air. In 1988, the
knowledge must be brought to bear on a cue-by-case basis three panels joined in the publication of Submarine Air
in setting specific EEGL. Qualily: Monitoring the Air in Submarines and Health Effects

The CommitteeonToxicology eventually recommended in Divers of Breathing Submarine Air Under Hyperbaric
EEGLs for dozens of diverse substances from carbon dioxide Conditions. A copy of Submarine Air Quality report has been
to sulfuric acid mist. The expertise it gained in developing placed on board evey U.S. submarine.
these guidelines for military and space-agency sponsors was The Panel on EEGLs recommended exposure guidelines
called on when COT compiled three series of major reports: for six substances of interest to the Navy: ammonia, hydrogen

" Guidesfor Shorr-Term Exposures ofthePublictoAir chloride, lithium bromide, toluene, trichloroethylene, and
Pollutants(nine volumes, sponsored by die Environ- lthium chromate. The Panel on Monitoring found that
mental Protection Agency, published 1971-1973). cigrette smoke accounted for much of the particulate matter.

"• Piosl Long-Term Health Effects of Short-Term carbon monoxide, mad hydrocarbons in die submarine aunos-
EiPosuile Lon-ermical Hgeals(thfet vofume, s por-T pbe•r, and it recommended that cigarette smoking in sub-
sosre e to CDemicalAgent (three volumes, spoi marines be eliminated. The Panel on Monitoring further
s1red by the Department of the Army, published reaomended that the Navy develop more sensitive and

reliable monitoring equipmen as well as bette equipment
"* Emergency and Continuous Exposure Guidance aid prcedures for dealing with emergencies such as fires.

Levels for Selected Airborne Contaminants (eight The Pane on Hypeebarics and Mixtumes recommended addi.
volumes, sponsored by the Department of Defense, tional research in several areas, including the formation of
published 1982-1988). toxic products during compression and the effects of hyper-

In this series, COT recommended EEGLa and SPEGLs for baric conditions on the toxicity of contaminants. Submarine
short-term emergency exposures mad CEGLs for 90-day con- Air Quality report also recommended that die Navy develop
tinuous exposures to substances. (COT earie had recom- nontoxic paints for use on submaries, and that it consider
minde 'EGLa mud CBELA for acores of chemicals in lotr eliminating deep-fat fham another source of atmospheric
epomo)
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Doxft Precursors of Mluniion Chemicals

At the request of the General Services Administration The Committee on Toxicology has addressed problems
(GSA) and NASA, COT investigated the possible risks from of industrial health hazards. In 1987, the Army asked COT to

chemicals that ae released by firs involving polychlorinated review the literature that had been used as the basis for

biphenyls (PCBs), which arecommonly used in electric trans- proposed workplace exposure standards for four precursors

farmers. The most persistent pyrolysis products are dioxins of munition chemicals, i.e., methylphosphonic dichloride
(polychlorinated dibenzo-p-dioxins [PCDDsD); the most (DQ, methyiphosphonic difluoride (DF), pinacolyl alcohol

toxic and most widely studied form is 2,3,7,8-tetnachloro- (PA), and O-ethyl-O-(2-diisopropyl-aminoethyl)-iaethyl-
dibenzo-p-doxin (2,3,7,8-TCDD). After a 1979 fire in a phosphonite (QL). The precursors were to be produced and

NASA office building, GSA and NASA asked COT for a packed under Army contract at civilian-operated facilities,

review of dioxin contamination of the building and advice on and the Office of the Surgeon General of the Army was

appropriate remedial action. responsible for protecting workers who were manufacturing

The COT Subcommittee on Dioximns reviewed laboratory or otherwise handling these compounds. Neither OSHA nor

and epidemiologic data on several major PCDD iomers and ACGIH had developed permissible exposure limits (PELs) or

related compounds, including their chemistry, toxic TLVs for these compounds.

mechanisms, and health effects on animals and humans. It The Committee's review uncovered serious gaps in the

also contrasted four risk ass ts that had been conducted toxicologic data on the compounds and on several highly

to establish re-entry standards for office buildings after rans- toxic by-products. The Committee recommended a number

former fires that cause PCDD contamination. The subcom- of additional studies to be conducted to provide greater con-

minttee recommended adopting the exposure guidelines first fidence in recommending PELs for these chemicals:

developed by the New York State Department of Health, i.e., . Developmental, reproductive, and immunotoxicity
contr ationsi of 10 picograms per cubic meter in the air and studies on DC and PA.
25 nanograms per square meter on surfaces, thereby giving • Pharnacokinetic studies on DC.
GSA and NASA a basis for cleanup action to protect the Subchronic and cumulative toxicity studies on DF
health of workers. The 1988 report, Acceptable Levels of and PA.
Dioxin Contamination in an Office Building Following a
Transformer Fire, also provides agencies and organizations • Chronic toxicity studies, including carcinogenicity,

other than the immediate sponsors with guidelines for similar on DC, DF, and PA.
cleanups. • Delayed neurotoxicity studies on QL.

The Committee also recommended specific monitoring
Chromium in Face Masks and work practices for the chemicals, including measure-

ment medical surveillance of workers; provision of protec-
The masks used by the Army to detoxify inhaled es tive equipment; and the development of procedures for

use canisters that contain activated charcoal impregnatedand waste disposal.
with hexavalent chromium, a carcinogen. In 1987, after a
congressional inquiry, the Army conducted an internal Insec Repellenl
review of possible health risks associated with using the face
masks. It also asked COT to conduct an independent expert Throughout history, armies have always lost fewer sol-
review and to recommend further studies or remedial actions diers to combat than to diseases, many of them transmitted
for exposed soldiers. by insects. The standard insect repellent used by the U.S.

After considering the current information on the armed forces, N.N-diethyl-m-toluamide (DEET). developed
toxicologic status of chromium and reviewing the tests con- more than 30 years ago, has never been fully satisfactory. In
ducted by the Army, a COT subcommittee issued the report, 1986, the Army asked COT to review its attempts to develop
Chromium Contamination in Army Face Masks (1988). The a replacernL The COT report, Toxicity of Candidate
report c ncluded that, even under worst-cas assumptions, Arthropod Repellents, has had effects well beyond meeting
inhalation exposures to insoluble chromium (VI) compounds the needs of its immediate sponsor.
were well below the current standards or recommendations The Army had asked COT to concentrate on a one-step,
for the workplace, including those of COT, the National topical hazard evaluation. The comments and recommenda-
Inutitute for Occupatonal Safety and Health. and the DoD. tions of COTs Subcommittee on Arthnopod Repellents in-
No evidence was found linking exposure to chromium, in any cluded this step and then were extended to the entire
form, with thyroid caner (the subject of the congressional toxicity-testing program. The subcommittee concluded that
nquiry). The Committee concluded that no special medical the overall program was unnecessarily limited and suggested

follow-up of military personnel was needed, that it be modified in several ways:
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"• Develop nonhuman models to predict repellent f- repellents tested by the military.
ficacy and toxicity, thus avoiding the need to expose
humans to unknown chemicals until toxicity testing SponsringAgen
in animals is comleted.• vin xanias isvopeted.• aia ~ nuo In its early days COT studies and report wee cofie

" Avoid excessive and premar animal testing, espe- t nee of its original sponsors, the m d saervices and
SUse in vitro test methods for phoiotoxicity o reduce the Atomic Energy Commission. Most of the repo were"the number of animals needed for screeintg, issued to the Army, Navy. and Air Fore all of which needed

"• Add tests for -ansdermal absorption, percutaneous substances o die he rso ciat ed with the
toxicity, neurotoxicity, and teratologic effects. substances to which peonne migud be exposemd fron the

"* Reconsider previously rejected materials in light of e (fuels and explosives) to the mundane (suns-rens and
the less-nestictive approaches. ie pelt).

"* Obtain candidate repeilents from a wider range of Mom recently. COT has accepted requests forasmsnce

sources, including pharimacutici companies and from other government agencies, provided that the studies
university researches. were complementry to the interem of the primary sponsors

"* Conduct basic research on insect biting behavior and and could be fit into the work schedule. The reports for
on human volatile emanations that act as natural nonmilitary sponsor address many ofthe same concens (and
repellents or attractants. chemicals) as those produced for Department of Defense

"* Adhere to EPA guidelines and practices, where pos- sponsors, i.e., from varnishes to lubricants and from fun-
sible, to facilitate commercial development of insect gicides to Mace.
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Principles of Risk Assessment:
Overview of the Risk Assessment Process

John Doull, M.D., Ph.D.
University of Kanma Medical Center, Kansas City, Kansas 66116

There are ftee different approaches to chemical risk workers, and military personmel against ft adverse effects of
assessment which wIN be conrldered In this paper. The U.S. exposure to chemicals.
Environmental Protection Agency (EPA) Cancer Risk Aess- DuriD theerly 1 70s there was growing concern about
merit includes some of t approachaes used by the Intern-a nd is. Coupled with the creation of the
dinal Agency for Research on Cancer (IARC). The Agency EPAandtle growing ability ofchemists to detect vanishingly
for Toxic Substances and Diseam Regisury (ATSDR) effort is
an evaluated databaeo approach similar to ta used in the mall amouts of evinmntal contaminants, this concer

National Instilute for Occipatonal Safety and Helt (NIOSH) led to demands for a new approach to risk assessment. Along
Criteria Documents and in the ai prear by with many other groups, the National Academy of Scien-
the Occupational Safety and Health Administraion (OSHA) cesNational Research Council (NAS/NRC) was involved in
for the Permissible Exposure Umits (PELs) and those of the this effort and subsequently issued two reports that had a
American Conference of Governmental Industrial Hygienists major impact in this ar. One of these was the 1977 report
(ACGIH) for the Threshold Limit Values (TLVs). A third ap- of the Safe Drinking Water Committee, which was sponsored
preach is used by the Commitlse on Toxicology. by the EPA, and the other was the 1983 report on Risk

Asaessment in the Federal Government, which was sponsored
by the Food and Drug Administration (FDA). In the second

Although risk assessment, as it is known today, is less chapter of the first Drinking Water Report, a subcommittee

than 20 years old. it is derived from that pan of toxicology presented an analysis of risk assessment which was "state of

called hazard evaluation which is almost as old as toxicology the art" at that time. They defined the following four general

itself. Tere ar differences, however, between what was principles for risk assessment:
done in hazard evaluation and what is done today in risk 1. Effects in animals when properly qualified are applicable
assessment, to humans.

Traditionally, hazard evaluation has been a judgmental 2. lethods do not exist to establish thresholds for some
decision based on information concerning the agen, die long-term effects.
subject, and dhe exposure. he first step in hazard evaluation 3. Use of the maximum tolerated dose (MTD) is a necessary
is to characterize the toxicity of the agent; this is ac- d valid approach to detect carcinogens.
comnplished by identfg all of the potOMW adverse effects 4. Materials should be assessed in terms of their risk rather
that can result fromn either acute or chronic exposure to the tIan as "safe."
age and by establishing the doa-response relationship for
each of these adverse effects. The next step is to determine These principles plus the recommendations in the report
whether the tox database obtained with the test species is concerning high- to low-dose extrapolation provided the
approprime for the subject or arge species and for the actual scientific basis for this new approach to risk assessment and
exposure conditions. s the stage for the second report, which focused on policy

In those cas where the tot data ae relevant and where and procedures for managing the process of Risk Assessment
there is a threshold or no-effect level for the specific adverse in the Federal Government. This second report clearly
effect of interest, then th tolerance can be established by divided risk management from risk assessment and then
simply dividing the No-Observed-Effect Level (NOEL) by subdivided risk usesment into four steps: hazard identifica-
a appr opiate safety fcor. The goal in this approach is to don. dose-- se asessmemn exposur assessment, and
predict a "safe" done for the talre species and, except for risk cAracterization. The late topic to be added to this
thos adverse effects for which thresholds cuonnt be clearly classification is risk communication which has also been
domonsaed, this continues to be the most practical and addressed by a NASINRC committee, a Council on Enviran-
widely used apprmo forprotecting the healthof die public, mental Quality report, and niunmerus other workshop and
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conference por conununicating this information to the public in a lojical
The evolution of risk assessment methodology will un- and understandable fashion. We need to be able to explak.

doubtedly continue. At this point in time, there are four area why we are more concerned about Agent A than Agent B
that should be carefully examined and evaluated, even though they have identical Q* values orGRAS status.

1. tws to risk assessment - de threshold We need to convince the public and our peers that it is not

approach and the extrapolation approach - should be the chemical but the dose that determines the risk. It would

considered to be complementary rather than competing also help if risk assessors would focus on areas ofconsenus

methodologies. The existence or lack of a threshold should rather than on confrontation, since the public is confused

determine which approach to use in risk assessment. and Justifiably angered when they are sent mixed signals.

2. To improve the threshold approach to risk at, A good place to start would be to compare the toxicologi-

safety factors should be used that include appropriate cal and epidemiological predictions because these are the

adjustments for differences in kinetics and sensitivity be- two disciplines that contribute most directly to assesing
tween the test and target species. The concept of a "safe" risk from chemical exposure. In those situations where
dose should be replaced with an indication of actual risk. toxicology and epidemiology am giving us different

3. To improve the nonthreshold approach to risk assessment, answers, we need to determine why the answers are dif-
best estimates rather than upper-bound limits of risk ferent and, if possible, to reconcilethe difference. In order
should be provided, and the worst-case assumptions cur- to accomplish this, we will need to identify and defend all
rently used in this approach should be replaced with actual of the assumptions and uncertainties that we have used;
data derived from the target species. The use ofkinetic data we will also need to provide adequate documentation so
in this approach is a good first step; however, we must also that the next investigator can replicate the process. If we
ensure that the model is capable of dealing appropriately can do this in a way that is readily understood by the public,
with the relevance of the animal data to the target species we will help them decide whether the risk assessment is a
and that it addresses such issues as the lack of a dose- "whitewash" or a "witch hutm."
respmo , species differences insusceptibilty, andthe like.

4. One of the major problems, if not the major problem, with In conclusion, there is a quote by Albert Einstein that
the current state of risk assessment is lack of credibility. suns it up well. "The right to search for truth implies a duty:
Since we often consider some of our predictions to be One must not conceal any part of what one recognizes to be
better than others, we need to develop a good system for true."



Issues/State-of-the-Art Methodology
for the National Research Council's
Committee on Risk Assessment Methods

Bernard D. Goldstein
Robu Wood Johnson Medical Scbool. University of Medicine and Dentistry of New Jersey,
Piscataway, New Jersey 08854-5635

The foilowing is the abstact of th presentation by Mr. biochemistry, and pharmacology. The charge to the commit-
Goldu•ti Hi paper a not available for publication at ts I is t assess, the scientific basis, Inference assuptions,

regulatory uses, and research needs in risk assessment
CRAM will galher informaton and investigate issues largely

The National Academy of Sciences/National Research through a sense of narrowly focused, intensive workshops.
Counci, through its Board on Environmental Studies and CRAM has already organized workshops on Maximum
Toxicology in the Comwssion n Ulfe Sciences, has W- Tolerated Dow, Physiaogicaliy-based I Mod-
paintd the Committee on Risk Assessment Methods eling, and Two-Stge Carcinogeneuis Models Additional
(CRAM). The Committe was established in response to workshops on Use of Epidemiological Information in Risk
requests from sevral U.S. government agencies, including Assessment and Use of Exposure Information in Risk Assess-
the Environmental Protection Agency, the National Institute for ment are planned in the near future.
Occupational Safet and Health, the Food and Drug Ad- CRAM will not only focus on cancer risk assessment but
ministration, the National Institute of Environmental Health wil also address the issue of risk assessmerm for other end
Sciences, and ft Agency for Toxic Substances and Disease points, such as reproductive and developmental toxicity,
Registry. CRAM is also suppotd In part by th American neurotoxicity, immunotoxicity, etr, The progect which began in
industr Hygiene Association and the American Petroleum 1990 will take three years to complete. Separate reports in a
n1141ut1. series dealing with each issue will be published. These reports

The 17-member committe has expertise in toxicology, will provide guidance to regulatory decision-makers and risk
epidemioinlogy, occupational health and medicine, risk assess- assessmrent scientists for developing and employing models
meM statistics, mathematical modelft, genetics, patology, for risk assessment.
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Principles of Chemical Risk Assessment:
The ATSDR Perspective
Barry L. Johnson, Ph.D.
Assistant Surgeon General, Assistan Udnnsso .US. Department of Health andi Humn= Servces, Public Health
Service, Agency for Toxic Substances and Disease Registry, Atlanta, Georgia 30333

Hazardouswastes reeasd int thegenealenvironmet 11m Agency for Toxic Substances wand Disease Registry
areI ~of cowwr to lhe public and to pubfic hViealth aftriee. (ATSDR) is one of the eight agencies that constitute die U.S.
In resPonse to this concern. the COiInpreheave Enomn Public Health Service. Congress created ATSDR in 1980 as
tl Response, Compensation, and liability Act. as amnended pr fteCmrhnieEvmretlRsos.Cm
(comnmonly called Superlund). was; enacted in 1980 to provide partiof, die d C lmpehilite Ec(nviownmenal RuespoinsýTe.o
a rameworxk for environmenital, pubic health, and legal ac- Agenc wa ma Ate t (kowya Superfund. twoki th heUS

cern. The Agency for Toxic Substances and Disease Regitry Enironmetital Protection Agency (EPA). the states, and the
(ATBOR) was crsrted by Superfund to address die pbIC private sector to elucidatehde public health consequences of
health maims of hazardous wastes in the commmlly enMTof- hazardous wagte, principally the releases from wante sites
Merit covered under Superfund.(')

Two key Agency prog~ramns. Public Health Assessmnents What and how we experience things molds our thinking
and Toxicological Profiles, wre designed to asses the risk to on what represents reality. ATS]DR's reality is to work in an
riwnan health of exposures to hazardous 54Jbstanca5 that emotonall~jy charged are of public health. We often ex-
migat from waste shte or through emergency releases (e.g., perience high emiotion~u in commuunites around hazardous
diemical spills). The Agencys public health assessent" is a waste sites, including some near federal facilities. Our Agen-
structued praocees that permit ATSDR to idetif which
waste@ sites or other point sourcw esr tr'ditimIal puli cy pezticipate in may meetings with commnunity groups
heelth scions (e g., human exposure studies, healt studies, who awe si-upicious of govrumnent anCKAr and generaly
reg41u, halt surveillance, health advisories). The ATSDR iiiipeidwith numbers from numerical risk assessments.
qualiative public health assesment comnplemnents fth U.S. Becaus of this experience with the public. ATSDK-s
Environ~mena Protection Agenicy' quanft!ttie risk assess- reality regarding risk assessment can best be described as a
meri For Superfund purposee, both aseaiierft ae sote- somewhat *schizophrenic" existence We recognize the im-
specific ATSD~rs to2000logica profiles are prepared for portance to regulatory agencies of a systematic assessment of
priorit hazardous substances found most frequentl at Sut- rik an becaus resources ic'e limited but problems are not,perfundefte5. Each proiepeseritsthe urrenttoxiclgicand we acknowledge the importance of having a too] that can behuuman heaMt effects Information about the 5sube~tafC b51fl used to compare risks. However. we are concerned that theprofied. Each profile also centau Minimal Risk LOveIS
(MRLS), a " of risk a esernit value. This paper covers current approach to quantitative risk assessment has not per-
ATSD~Rs experience in conducling public healt assess forned very well in many instances - hence our
menteenddeveloping MR~sand it relattesfthsexperieceto hZpiuL
re n0 aefn on how to krmprove chemical risk assess This pape outlines the Agency's approach to hazard

fenol evlato owSte sites proceeding from the complex prob-
Ien of assessing public hazrds posed by inidividual wasne

h-louciblia sates to dhe situation of risk assessment for a single toxicant.

Chemical risk asseusmerits w the source ofpgest activity ATSDR's public health assessment will be described first.
in government arsi private sect c-a rguiizaticns. Risk assess- Publi Heaft nonw tt

me- - on inidividual chemicals and broad awvirnmnental
problemn hawve econa -Pastaple in regulatory agencies, at both To is the stage for defining a public health assessment,
dofdrladsf ees oenneuaoyaeceas cornrider the Anm~eri public's crum p- in 1980 that toxic
condinct risk asaeunnm.m The risk assessmen apprroach warst in the environment was compromising human health
uid experiences of a nonregulatory. federal, public health Moreover, opinion Polls in 1991 inodicate tda this concern
agency we the subject of this pape. crimuat thsae- high level. The public remeim fearful
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of the health consequences of hazardous waste and toxic Public Health Assessment Compared
substances. Many communities would like - indeed would wMt Risk Asessinwit
insist on - a full-scale epidemiologic study of their health. .rSDR is often asked how its public health assessment
To put this in perspective, EPA now lists 33,000 uncontrolled of a waste site diffen from an EPA risk asseasment for the
toxic waste sites in the United States() Using their Hazard same site. The implication someime is that the two instru-
Ranking System. EPA ranks each site in terms of its environ- meoms em duplicative and, hence, wastef. In fact, these two
mental contamination and its ecologic and health sig- kinds of assessments are complementary, as will be described
nificanc The result is called the National Priorities List late, each serves a useful purpose to the agency that utilizes
(NPL) of hazardous waste sites. This list is important because it. But as a hypothetical argument, assume that the risk
placement on it brings monies from the Superfund trust fund assessment and the public health assessment m, in fact, fully
to remehiate the si. duplicative. Would the duplication be a waste of resources?

The message is that there are very large numbers of To answer this question, consider what happens when a
uncontrolled - and also controlled - wate sites and family member is diagnosed as having a fatal disease, result-
facilities in the U.S. that can potentially compromise public ing in a recommendation for radical clinical intervention.
health. Given the widespread angst about such sies, a belief Many people in such situations seek a second medical
is built into the public's mind that EVERY site should be the opinion, sometimes more, because the implications to per.
subject of an intensive, in-depth, health investigaton. If the sonal health of being wrong aem sometimes too important to
list of most important hazardous waste sites were to number rest in the hands of a single medical specialist.
only 2000 and if a community epidemiologic study would Are hazardous waste sites also worthy of "second
cost $2 million or more in today's market, theni the cost for opinions"? Given that the average cost of remediating a
such an epidemiological undertaking would be $4 billion. nonfederal waste site is a multimillion dollar effort, and
Cost, as well as scientific considerations, lead one toconclude knowing that public health questions we a serious concern to
that long-term health studies cannot be conducted at every affected communities, a plausible case can be made for the
waste site. imporance of two opinions, independently derived.

How then does a government public health agency Aside from the foregoing hypothetical argument, an

decide which sAtes (and here we must think in tems of ATSDR public health assessment has several significant dis-
commnunities of young, elderly, healthy, ill, wealthy, po or, unctions from an EPA risk assessment of the same waste site.
educaled, and illiterar, human beings) really do require some These differences we rooted in the respective agencies'
kind of health action in response to confirmed environmental needs, policies, and statutory responsibilities. The principal
contamination? ATSDR's instmanent for triage in this differences e shown in Table L Both kinds of assessments
ficult situmion is the public health assessment, or more simp- serve practical purposes and we generally complementary.
ly, health assessment.

Conduct of Public Health Assessments

How do ATSDR and the state health departments con-
ATSDR's public health assessment is "the evaluation of duct public health assessments?0) The public health assess-

data and ionnanon (emphasis added) on the release of ment is conducted by a multidisciplinary staff using three key
hazardous substances into the environment in order to mase databases:
any =M or future impact on public health, develop health • Environmental contamination data (normally ob-
advisories or odter ecommendations, and identify studies or tained from EPA, sometimes supplemented by data
actions needed to evaluate and MW wate or prevent hwma from ste agenci, charcteze levels of con-
health effec [emphasis added)."OT In the context of an taminantsinenvirmentalmediarelatedtothesite).
ATSDR public health assessment, "evaluation of data and * Health outcome data (normally obtained, when
uiorinuatoni" meanm employing professional judgmnens, w, available, from state and local health agencies, e.g.,
cording to specified guidelines, t characteu t n m dd CMmunity cancer rates or adverse repro-
extent of the hazard to human health presm ed by releas dueive outsmes).
from individual hazardous waste sites. As a federal haeits
agency, we believe that consequential health decisions ought Community health concerns (expressions from the

to be predicand on a foundation tha pernmts. indeed en- com amunity around the site about their health con-

couragm, the exaecise of profemional judgment. The scoud cUM).
poin ofanoiis pertaim to the prvention of adveem human M ATSDR health asemsou, conduct site visits to obtain
health effects. ATSDR uses the public health asaessment to a significant amount of these tfaee types of dat Using a
identify cmditioum of expooe to hazrdous suboonce at, *ula.--evidm qMaproach, the health asesmoe factor the
whm reduced in severity. will pve morbidity ormoaity. folow n smideration into their overall assessment of the
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TABLE I. Coffictisse of ATSDR Health Assesumewtsu nd EPA Risk Aseseunents

ATSOR Public Health Assessment EPA Risk Assessment
A uts pei; sm wonmen• • Quarow". cfmpudet. "W'spedic

contoninallon, health outcomes. and corn- uLs envimnmental contaimim dea.
miunty hal conc-n dOL

* Medical and ptLblc hedt perspectives are • Statistical and/or bioogc model ae used to
welgted to smd s heslsh hazards. calculate numerical estimate of health inks.

* Used to evaluate hunmn hlth impacts and • Used to fadlitatreediations or olter risk
m idenhly public healtM itervenions. nmanagemnt actions.

"* May led In pilot health eflects sludies, sur- • May lead to selection of particular remediation
vellance, epidemiolo gicsudies, or exposum masums at a sits.

" is advisey. . Sears regulatry weigh of autry.

public health significance of the site: every public health assessment. Second, some health
" Environmental contamination data are evaluated as data or other pertinent site-specific information may

follows: be unrecognized by health authorities, but known to

1. Using existing toxicological informaion bases, the the citizens.

principal contaminants are identified. Contaminant From the public health assessment will come a ranking
levels are compared with published environmental of the site in terms of its overall significance to public health.
media guides derived by ATSDR or with EPA ATSDR currently uses five categories of importance (with
regulatory standards to assess if human exposure to Agency Actions for each category): A: Urgent Public Health
these levels may constitute a public health hazanr. Hazard (health advisory); B: Public Health Hazard (health

2. Current and possible future exposure pathways of follow-up); C: Indeterminate Public Health Hazard (possible

public health concern are identified. For some sites, health follow-up, identify gaps); D: No Apparent Public
models that predict migration of contaminant Health Hazard (environmental health education, monitoring

plumes are used to identify communities at risk of and revisit); and E: No Public Health Hazard (no actions by

exposure and, on occasion, to attempt to reconstnuct ATSDR).( ) The specific actions for each site are determined

the extent of historical exposures. by an intra-agency panel, implemented by designated

3. Special populations at risk of exposure, e.g., divisions, and monitored by the inmra-agency panel. Besides

children, are identified and, where possible. the ex- guiding ATSDR as to which sites require follow-up health

tent of their exposure to contaminants of concern is actions, the site classifications are one factor considered by

assessed. EPA to set priorities of sites for remediation.

"Health outcome data are obtained when they am Based on the site-specific recommendations made, each
health assessment identifies what health actions are to beavailable and can be focused on a county, coni- unetknThacosrngfomelhsudscridot

munity, census tract, or defined area around the site. undertaken. The actions range from heath studies carried out

This approach produces a broad picture of the health by ATSDR, often in cooperation with state health depart-

status of a community that may have experienced ments, to actions itlated tu prevrAig exposure by EPA's

toxic releases. The data do not represent an epi- restricting access to contaminated areas, if access had not

demiologic evaluation of the community at risk. That already been resticted.

type of refinement occurs through follow-up studies LegalRequiremena
whenever the public health assessment identifies the
aeed. In addition, health outcome data are an impor- Superfund directs ATSDR to conduct a public health
tant tool the Agency uses to address concerns about assessment of every site that is proposed for, or placed on,
exeess diseae occurrence in communities living EPA's NPL within I year of its proposal or placemenL Of the
near a waste site. 1292 sites currently on the NPL, about 10% are federal sites

"* Community health concerns are obtained by estab- or facilities. More specifically, 97 sites on the current NPL
fishing contact with citizens' groups, local health- are Department of Defense (DoD) sites; another 17 are
cae providers, and community leaders. These types Depaent of Energy (DoE) facilities; and I site is cunretly
of data serve two purposes. First, by reaching out to split between DoD and DoE. There are five other NPL sites
the community, a contact is made that begins a health under federal responsibility (the Department of Transporta-
cmmunication and education effort that must attend tion and the Deprutment of Interior. two each; and the Small
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Business Administration one). Through interagency agree- ethylene, benzene, tetrachloroethylene) and metals
merts, ATSDR has begun receiving the financial reourme (e.g., lead, chromium, ars•ic) we the substances
necessary to undertake Public Health Assessments of DoD most often identified at the sites a potential con-
and DoE sites and facilities. Because considerable environ- taminants of concern to health.
mental contuamnation may have occurred around some Overall, ATSDR estimates that 4.1 million people
federal sites, the public health assessments will be difficult live within I-mile radii of the 725 sites for which
and their conduct protracted, population data were available, resulting in an

In addition to mandating public health assessments of average of about 5700 persons within I mile of each
NFL sites, Superfund permits individuals to petition ATSDR site. (This figure should be understood in terms of its
to conduct these assessments for sites of concern to them. limitations. For some sites, not all persons within a
This brings government resources to address the concerns of 1-mile radius are at risk of exposure, depending on
individual citizens. ATSDR has received approximately 150 migration patterns of substances released. In addi-
petitions since 1987 and has accepted about 70% for the tion, for some sites, the population at risk of exposure
conduct of public health assessments. (Petitions ar rejected extends beyond a 1-mile radius where there is docu-
when evidence is lacking of any actual or potential releases mented groundwater contamination.) EPA estimates
of hazardous substances.) Approximately 55% of petitions that approximately 41 million people live within 4
have come from individual citizens; the remainder have been miles of a Superfund site.(6)

submittedfommmembers of Congress. attomneys, localelected • Using data available in 1988, ATSDR reported that
officials, and state/local health departments. ATSDR an- conditions and exposure potentials at 109 of the 951
ticipales the number of petitions will increase as awareness sites then on the NPL were considered to constitute
of the petitioning mechanism grows. ongoing or probable public health concerns, a health

Also, under Section 3019 of the Resource Conservation follow-up rate of about 1135%.(4) During 1990,
and Recovery Act (RCRA) amendments of 1984, ATSDR ATSDR implemented a more intensive health action
can conduct a public health assessment of a RCRA facility if analysis. Of the 261 sites reviewed in fiscal year
requested by EPA, a state, or an individual. However, 1991, 38% were identified as requiring some kind of
statutory language requires that the request fora public health health action.
assessment be accompanied by funds. ATSDR has conducted * Because of their recreational activities and their
very few public health assessments of RCRA facilities, ap- propensity for hand-to-mouth activities, children
proximanty one dozen to date. This number is too low to less than 6 yean of age ae at increased risk of
permit any generalizations. exposure to contaminants in dirt and dusts, compared

Firdings from Public Healf Assessments with older children and adults. Boys are more likely
than girls to come into contact with soil-laden con-

The ATSDR public health assessment database contains tamination.
information that is useful in assessing the overall extent of • Where off-site migration of hazardous substances
adverse health effects associated with releases of hazardous occurred, groundwater was often contaminated. For
substances. The database contains information about substan- example, using data available to ATSDR in 1988,
ces released from individual sites and facilities, citizens' groundwater was contaminated at 71% of sites with
health concerns, and some health data from state and local documented evidence of migration of metals and at
health depaments. ATSDR is currmetly consolidating its 88% of sites with such evidence for volatile organic
databases into asingle. compehensivedamtaie calledHAZ- chemicals. Evidence of lead migration into
DAT to probe associations between releases of hzawdous groundwater was detected at about 17% of all NPL
substances and health outcomes. The Agency anticipates that sites based on health assessment data from 951 NPL
HAZDAT will be available to the public in 1992. sites.

Drawing on various Agency repot and documents, it is * Working with state agencies, ATSDR has found that
possible to Summarize some of the principal findings to dte the overall assessment of potential health consequen-
from the large number of public health aevailabeS whn ces from historical exposures to hazardous substan-
ducted. 4 in More detailed analyses will be available when t ces is a matter of considerable public health
HAZDAT informaion base is fully operational, importance. For example, the Agency is working

Pubic H A a reuthftm with one state health department to advise young
women whose prior exposure to lead could result in

" The majority of NFL sites on the list through 1988 Andogeus relesses of lead during pregnancy.
we either industial sites (31%) or landfills (30%). • ATSDR's health conultations confirm that acute,

"* Several volatile organic chemicals (e.g., trichlom-, adverse health effects are commonly reponted fol-
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lowing emergency releases of hazardous substances. TABLE W. Top-Ton Supwfund Hm"rdoue Subetnm.*
Eye irritation, dermatologic effects, respiratory 1. Laed 6. Cadmm
problems, and a variety of neurologic complaints 2. Arenic 7. PoIdouatWd bi•pwns
constitute the bulk of these acute health problems. 3. Mru=uy S. Chiolom
"Preliminary findings from a surveillance system of 4. YmtIodSm B. 89o•b)*luoraiew

"emergency events indicate that two-thirds of hazard- 5. Beze 10. Tftiarethyee
"Note: Thee fte top 10 substces from te list of 275 pnon-ous substance releases occur from stationary Od m

facilities; one-third occur from moving equipment.
" ATSDR's public health assessment experience indi-

cates that large numbers of minorities live near haz- based exposure standards or guidelines, ATSDR works with
ardous waste sites. A report from a public interest state and local authorities to reduce the exposure for those
group suggests that minorities are more than three individuals.

times as likely as white Americans to live near haz- ATSDR's national exposure registry program promises
ardous waste sites.P The Agency is currently new, important information on the health effects of long-term
developing demographic data about who lives exposure to low concentrations of hazardous substances. The

around Superfund sites. exposure registry is a listing, along with health status infor-
mation, of persons who have had exposure to a hazardous

heM Investgtons =n ReS t1fr substanceh of primary i at exposure levels of concern.
Such registries can be evaluated over time to assess health

ATSDR's public health assessments are linked to inves- trends. Currently, the Agency has established national sub-
tigations of the effects of hazardous substances on the etiol- registries of persons exposed to dioxin (4 NPL sites) and
ogy of chronic disease and acute, adverse health effects. trichloroethylene (13 NPL sites), has initiated a subregistry
ATSDR has identified seven Superfund Priority Health Con- of persons exposed to benzene, and has plans for a chromium
ditions that will be the focus of health investigations by the subregistry. The Agency considers the national exposure
Agency, university researchers, and state health investi- registry of great imporance for determining the health effects
gators. The seven conditions were identified through a cor- of long-term exposure to hazardous substances.
prehensive analysis of the literature on toxicologic and
human health effects associated with known Superfund haz- Risk Ammments of Individual Chemicals
anlou susane (Table ii).In 1987, in cooperation with state agencies. ATSDR ATSDR public health assessments for individual hazard-un de ,a series of human expostne asgsents r ou waste sites usually involve the presence of mixtures oflance prto and epidemiologic health investigations of hazardous substances. In addition, ATSDR develops riskpeIan sp who may be at eineased risk of exposure t o assessment estimates for individual chemicals. These riskoesubstances leased from wasde site.. To datxeothe Agency estimates are for substances prioritized jointly by ATSDRous conducted 3 d fand EPA. Substances are ranked by frequency at NPL sites,has conducate 37 pilot health studies (principally exposure i toxicity, and likelihood for human exposure. Cur-
assessments), 18 epidemiology investigations, and 20 sur- rrent toxicitysand lik e n ranked.(9 ) (The top ten
veillance projects. The aggregate findings from this work arm rently, 275 substances have beencurrently being evaluated, substances are listed in Table HI.)

In generl, average biological exposue levels have be For each substance, Superfund requires that ATSDRlow compared with occulpional exposure levsave sbee develop a toxicological profile and make it available to theltoces. However, the Agency has found that each exposame public. Each profile must describe what is known about aassessmHoentvmusteconsid the dasfiundiont ofal exposures substumae's toxicity and human he~Ir effects. In addition,witin the community investigated, not relying simply on he determinations as to the levels of exposure that present amtin or medim value.nit ivhesre individuals exceed health- significant risk to human health, e.g., Significant HumanExposure Levels (SHEIA), must be provided in each profile.
ATSDR is currently addressing the development and dis-

TABLE IL A'SOW. SupwtWUod Proflty Hesith semination of SHEIA by determining Minimal Risk Levels.
Conditiom I Aiphabedad Ordew

Oft -ul r' aend ruM/odurdi Feardedma/ Risk LeOvIs
Can=*(sf The ATSDR Minimal Risk Level (MRL) is defined asmurw "annU& esifmaen of the daily human exposure to a dose of a
UL dyuncbln chemical that is likely to be without an app•eciable risk of
Lwn ad reuqn* dhimmem adverse, noncancerous effects over a specified duration of
N@ Wn• dft A expomr."(1°) Inhalation MIL are exposure concentrations
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expressed in parts per million for gases and volile substan- Human Services, the Imernational Agency for Research on
ces or milligrans per cubic mrete for particles. Oral MRLs Cancer, and the EPA. It is Agency policy to prevent or
are expressed as daily human doses of mgikg/day. ATSDR mitigate any human exposure to an identified carcinogen.
does not derive MRL for demial exposure, owing to lack of The Agency has prepared Toxicological Profiles for 130
methodology to develop them. The purpose ofthese estimates substances. A potential exists for the derivation of 780 MRLs
is to provide health professionals with a concept of levels at for the three duration and two exposure categories. To date,
which adverse health effects are not expected to occur in 187 MRLs have been developed and are found in individual
humans. They ar not meant to support regulatory action, but Agency toxicological profiles. As can be inferred, the
the MRL should serve as an advisory that physicians and Agency's scientists found database inadequacies that
public health officials can consider when making recommen- prohibited the development of many MRLs. These inade-
dations to protect populations living in the vicinity of hazard- quacies circumscribe the health assessor's opportunity to
ow waste sites or chemical emissions. ATSDR considers fully evaluate the potential health effects posed by hazardous
such values as an adjunct to the overall context in which substances at a site or release.
dectsions regarding health issues ae made, rather than a Supeffund direm ATSDR to initiate a program of re-
"pivot point" for such decisions. search to fill data needs for priority hazardous substances

Because chemicals may elicit mom than one toxic effect, ATSDR initiated the program in 1991 through an an-
ATSDR attempts to determine the critical effect in the target nouncement of the data needs for 38 priority substanrces.• )
organ, i.e., the first adverse effect or its known precursor that As an example, ATSDR identified key data needs for arsenic
occurs as the dose increases. The critical effec for a given to be I) comparative toxicokinetics, 2) determination of half-
exposure duration and route is determined only after assess- fives in surface water and groundwater, and 3) bioavailability
ing the scope of the database and the quality of all studies from soil. The findings from this programn of research should
identifying effects by the route of exposure being considered. be quite useful in improving the scientific database used in
If the most sensitive target system cannot be identified, the chemical risk assessment.
critical effect cannot be determined. It follows that a MRL ATSDR's experience in developing MRLs has led to
cannot be derived from this database. some observations about the process. One key observation is

When the critical effec for the route aid duration has the problem ofdataquality. What constitutes acceptable data?
been identified, MRL are derived from the no-observed- How does a governmental agency assess the adequacy of
adverse-effect level (NOAEL). In lieu of a NOAEL, an un- experimental investigations, assurance of data quality, and
certainty factor (Ul) of 10 is employed for use of a lowest- confidence in interpretation of findings by investigators
observed-adverse-effect level (LOAEL). Additional UFs of whose work may be crucial for determining an MRL? Any
10 may be employed for animal-to-human and human-to- risk assesm faces this question in a variety of ways. Current-
human extrapolations. MRLs can, therdoe, have uncertainty ly, no agreed-upon standards are available, and the subject of
factora ranging from 10 (data derived from humans) to 1000 dam quality is currently being discussed by the World Health
(derived from animal LOAELs). MRLA are derived using the Organization's International Program on Chemical Safety
following formula. and various national agencies.

MRL w NOAEL
UF for Improving Chem"cal

Alek Amismums
The detennination of ATSDR's MRLs relies heavily on

the sme methodology used to derive the EPA Reference Risk Bwased on ta experiences cnducting public health as-
Doe (RD). Moreover, personel from both agencies seve mens of S r sits and derving MRL for subssan
on work groups that develop each of ths number, cc in its toxiological profile togethw with the involvement

However, the awe some key diffrences bwn MRL of its technical staff in developing risk aessment policies
mad RfDL ATSDR develops MRMs for am and procedue a feral and sae levels, ATSDR recom-
and chronic exposure duraioad forbh oal dinla- meds the folloviing to improve risk assessments of in-
don roumes of exposure. EPA develops its verified RiDs for diviual chemicals.
chronic oran ad Reference on(RIC.)rhasa- - Risk assessments should state clearly the key as-
don exposures. It is current ATSDR policy not to erapolate sumptions, uncertainties, and limitations inherent in
dat across rouses and durations of exposure rather, phir- conducting each risk assessment. This information
maokuec dam are used to bridge these kinds of extrapola- should be routinely provided to the risk manager and

onma, if such da n availble. to ote users of the rik assessment. Considem ion
MRU a not applicable / to ndi4 eas migh be given to presenting risk as a range rate

inn Agency a pti hed o heal ugod than as a single point estimate.
Of Fcarte lnogms U published by the Deparmntu of Health and * Th science undergirding risk assessment must be
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improved through a program of directed research. In those that are poorly developed are difficult to retact
particular, priority should be given to research on or revise and lead to diminished credibility of the risk
human exposure assessment, pharmacokinetics, ex- assessor. Rather than developing a risk assessment
trapolations between species and between routes of predicated on an insecure foundation, it is better to
exposure, and basic mechanisms of toxicity. It is identify and conduct the key research needed to
important that the methods required for utilizations perform a specific risk assessment.
of these kinds of data in the context of risk analysis
should be a component of this directed research. Reftweneg

" Weight-of-evidence and weight-of-judgment should 1Jomo, • b of Suparl•'s H .elmd
be included in conducting risk assessments. Also, Prv== by &e Apacy forToUic Subaanms d Diume Regicry.
consideration should be given to "negative-out- Ebvim. Law Reponer20:10277-10282 (1990).
conm" studies as well as those with positive out- 2. H H.: Rms,Problem md Protmsn for e Yams Ahea. Hz-

=do= Mauriah Comnol. pp. 60-63 (Janveyf-fiblMy 1991).
comes. 3. Agcy for Tox Suamce wad Dimme Rqpiy Draft Hue As-

"* Models that have not been validated with experimen- umtur OuidiiLs ATSDR. Aftui. GA (1990).
ta data should be viewed skeptically. This suggests 4. Aecy for Toxc Sabmwmus md Disuee Rqasa. Biemu Report for
the increaseshd use obiologskepically. b risk assests- 199 mad 1990. ATSM. MAma GA (1991).
the incsmAsed use of biologically based risk assess- S. cy for Toxic Subimmms wad Diem Rtesimy-. ATSDR Bemial
ments. Report to Congmps VoL 2. AISDR, Adam. GA (1918).

" Agencies should consider adopting independent, td/ Rdenemy Pearow w, iromieul E(d99 n

scientific, peer review of risk assessments and 7. C•miimm a Socia Jeae: Toi Wan wad Ra. Ured Chumch
providing draft versions to the public for review and o o(aut. New York City. NY (1987).

IL Johnoo. B.L• A Prdcds on Expomm Ansumat~. J. Finvirms Hedth (in
reaction. ATSDR practices both of these actions pAA(
when developing its toxicological profiles and other 9. Agency for Toxic Suommcs and Disuse Rq The Reavised L•t of

reports. These actions enhance the scientific quality Hamidom. aS s utlwill be Un Subjec•cofTfooloi Profiles.
Fe& Rag. 5&-52169-52173 (1991)

of risk assessments, in ATSDR's experience. 10. Agemcy for Toxic Subsumes. m.d Disme Regsay- Guidme to

"* In the absence of adequate scientific information, a TOxcololgic PmfWbQ Cwn•o. ATSDR. Adam. GA (1990).
risk assessment should not be done. All risk assess- Piority Dm NeeTofc f 38 Pr Dismty RegHaw*= Idmfc i e .

menta acquire a certain degree of permanency, and 56:.51180.51185(1991).



Risk Assessment for Noncarcinogenic
Chemical Effects

Raph L. Kodell
Biomnefty Staff, HFr-20, National Cente for Toxicological Researck Jeffesnm Arkansas 7209

The fundamentl assumption that thresholds exist for additive to hurrnum in terms of toxicity in animals." Here
namcftogiii toxic ellfe-ts af chiil~i Is reviewed; this NOEL swands for no-observed-effect level. a wam derived
assumptio forms th. basis for the nooobserved-ff act isvel fro wia LUft and Fitzhugh called "thad dose just short
saftyacor(NOEL/SF) apprach tordskai 661 tfol'5ud1 of causing an observable effect" and SF stands for safety

fducts. The origin and aisutonA ofthe NOEL/SF approah are factor, a quantity applied in orde to ailow for uncertainties
traced. and its Imitations are discussed. The recnty in extrapolating ftron animals to humuans.
proposed use of doess-response modm1ing to estimate a
benchmark dose as a remlernet forfth NOEL. a ~ki The team NOEL as used today may be defined loosely as
The posubity of expanding does-repos modeun of non- the highest experimental dose level (or human exposure

wcl-arcnogenic effects to kndude doe estimaison of amaunted level) at which adverse effect we not observed (Figure 2).
thresholds is discussed. A niew methd for conversion of Generally, individual NOEL~s wre established for individual
quantItabve toxc respontses to a probabflty scale for risk toxic efNects. The original SF proposed by Leluan and
assessment via doe-eson e mo rig is outfled. FluzhugiPwaslOO~, which representedafatorof l0to allow

for differences in sensitivity to the ans agent in humans as
h - 0 n dadan c MqP i eto experimiental animals (interspecies), and afactor

Risk assessment for toxic chemicals that do not inuc of 10 for variation in sensitivity within the human population
carcinogenic or mutagenic effect has traditonally been 0iuseCeJ The 100-fold safety factor gained acceptance
band on dhe fundamental assumption that dun esa levels of ov
exposure for such agents below which adverse health effec ,ts
will not occur, even if exposure is long term (Figure 1). MdfltOItoteNESFApah
Biological underpinnings forthis "thieshold" concept include In 1977, die National Research Council's Safe Drinking
the fact that die toxicity of many chemicals is manifest in awae CoMMMin ecommendied several changes in die
exposed subjects only after die depletion of a know settainjof ADLa It proposed that the NOEL be expressed on
physiological reserve and that the biological repair capacity
of many organisms can accommodate a certin degre of a body weight basi (mg/k body weight) ratherthan a dietary
damage by reversible toxic processesP.21 The objective Of
risk assessment forno 18Mcnogni chemical P e f, - has thus
been to establish a "trsoddose- below which adverse
health efet are not expected to occur.

"Wh NOEL/Sfeth Fatelr Approach
The classical apprnoac to risk wasusununt for noncer-

solvnaed waithte wottin ofL safe evls ot food addtivmues. o

evolvedfam ri th wo prk dc di~e a saney o r psd fk* w o od. Ikes a .l b. z e m

abot atomtstoprdit o aftyof pmp e fodPKM . W~ddC37P
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to dhen sources of uncertainty, die National Resevsic
Council's Conmittee on Toxicology1'1 routinely considers,
differenes in route of exposure in determining the siam of

X apprapriate safety factor the EPA does noL
f te lvel of a&toxic agenitto which huwman we already

calculating a margin of safety (MS) defined by

_ _ _ _ _ _ _ NOAEL

0 d, d2 d3 ~ ~~~~whemrHe ua epsr ee

Altoug th poentalfar dos-reponse modeling of
both quantal and quantitative noncarvinogenic toxic respon-

percentage basis (mg/kg diet). 7b Committuee als enore ses was illustrated by the Safe Drinking Water Committee of
the reduction of the 100-fold safety factor to ony 10-fold if the National Researh CouncilP)t it did niot recorrmmend
the NOEL was based on human data but recommended th~at changing from the NOELISF approach for the assessment of
the safety factor be increased to 1000-fold if toxicity data Ioi&nonic hazards. Recently, however, eforts have
were inadequate to establish a NOEL been made in die area of statistical modeling of such adverse

Althouigh the NOEL/SF approach has been mand still is heafth effects in onier to exploit the shape of the done-
popular in regulatory toxicology, it is subject to serious response curve and to account for fth precision of estimates
scientific limlitations. Smaller, less sensitive experiments tend of acceptable levels of chemicals.
to yield large NOEIs and. hence, laWe ADIs thant lage, The concept of a benchmark dose (131) has been
more sensitive experiments. (,S Safety factors of 10-fold for proposed as a replacemnent: foir the NOAEL.B$) The BD is
intraspecies and interspecies conversions vs somewhat ar- defined as a statistical lower confidence limit on the dose
bitrary and cannot be guaranteed to provide absolute as- producing some PMredetermine1d, relatively small increase in
SUrM=c of safety()~ (Figure 2). response rate (ris), such as 0.01 or 0. 1 (Figure 3). The BD

In recognition of the above limitations, the U.S. Environ- is pwromotd as represenitin a toxicologically relevant quan-
menital Protection Agency (EPA) recently recomumended tity becaus it is defined in the spirit of a LOAEL, although
seveal changes in the setting of acceptable levels for toxic it is not usually an experimental dose level. It makes ap-
eFfects other than cawinogenicity.~ 0.11) Instead of cajcuat- propriate use of the sample size, as reflected in the magnitude
ing an ADIL the EPA('O)recommended that a "reference dose of the confidence limit. The BD exploits the shape (steepness)
(RID) be established according to the expression

RI NOAEL
UF xMF

where NOAEL= no-observed-adverse-effiect level (meui-
ing failure to achieve statistical sit-

UlF.uncertainty factor as opposed to a safety

MFm modifying factor to be used in ofam5of

The UP is a composite of 10-fold factor for interspecies and
intrapecies uncertainties. uncertainties inextrapolating frm da D.
uabcluenito chronicdefeaid uncerainty asociatd wihhh
die use of a LOAEL (Iowug-a-bserved-adverve-efbect level)
in cass when a NOAEL cuntbe identdfledL1 1) In a~ddid FIOURZ 3. UsCI MM (3).
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of the dose-reponse cumv in the expetrimea 18nge how-
ever, it does not depend strongly on the partiula statistical/
mode used because the model is not followed below fth I%
response level.

CrumpM has muommmnded redeflinition of the ADI ac-
cordingsto

ADI 8)Nra

GaylorM) proposed that the BD could be used to determine
the sine of the SF ,needed to achiev a desired low level of
risk. In this sense, Caylor argued Ihat setting an accptable o 4" Dow.
level of a chemical by dividing a BD by a SF was equivalent FKW S. ModtqWdd (=Oamdý) uaMWM.
to linear, low-dose exteolation. ]EPA is currently proposing
the BD/SF approach for setting levels of reproductive and npitdotby Ko le L(t) suc modeingcno of. I RIWA151d oxk ftitself be used to establish the existence or nonexistence of mae

Model~ng Quujt, RespWMSe thresholds. Whtereas, the lower confidence limit on an as-
sumed theshod might often be zero even when a nonzero

Theprimary effort indose-respanse modeling of quWnsal threshold value is estimated in the best-fitting Model, Simply
toxic IesponsesS has been for reproductive and develoPmenital including fth possibility of a ftheshold in a dose-response
adverse effects.-47) By way of illusutraon, Cren and model will tend to give hWghe BDs than excluding the Pos-
Kodell16) employed a Weibull dooqpne oe o sibiliy of a thrshold altogethe. Even with estimated
prediction of toxic effects and a beta-binomial probability ir olssaey&t wenc ssrto account for unce-
distribution to account for intralitter correlation of fetas us hom tanl s iafpetyfcto and intrecess difeenys
F~or quantitative risk assessment, they~ reomne lintenasr itrpcisad rsece ifeecs
extrapolation below the DD-LEDOI, i&.e the BD that cor-
responds to I% excess risk above background risk Thius the Modelng Quanftdtai Responses
dose-response model was proposed specifically to im* v Unlike traditional, quantal, tenstologic responses, many
the estimation of a BD, rather than as a tool for exlolto toxic responses are quantitative in nature SomDe examples
far below the data range. include organ and body weights, survival time, clinical

In an effort to translate die threshold concept undelyin chemnistry and hematology measurmwents, neurological ef-
fte NOEL/SF approach to the more quarantave aproach et.ad emir fecsForsksiain.we
offered by statistical modeling, Kodell et &I proposed a retspos vanda smt beavol e nffcsFor t ak estbaimation thscae.
thrshodw model for reproductive and delvelopmental toxicity- resons va BDanbles malusatbed atnd usedfor a robiisk a ss cale
If a ftheshold is assumed to exist. it can be estimate by way TenaDcnbealutdanusdfrikassseL
of statistical dos-response modeling (FgRem 4). However. A fundamenital approach to risk assessment for quantita-

tive responses has been proposed by Gaylor and Slilcker(' 9)
and further developed by Chen and Gaylor.(2 In short, the
proress involves four baick steps. First, a dose6-responIse
reltonship for the expected value of a given quantitative end
pount must be postulated. Next, a statistical distribution ofI individual measurements about the dose-response curve

is (e~g., normal) nmus be assumied. Thirdi, an abnormal or ad-
vaer range of the distribution for the given end point must601be defined, e.g., a low percentag point, perhaps I1%, of the
distribution in control subjects. Finally. the previous fthee
steps an combined to calculate the probability (risk) of an

0 adverse, efilea as a function of dose (Figure 5). As with the
6 ar qu~atal res pons modexdls discussed above, the dose-response

00COWmodel for quantitative response is used to improve the
estimation of a 3D at the lowier extreme of the dafta range; it

F3OU3~ 3inss etwtelLis not for extrpolation below tha point
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Methodologic Issues in Using Epidemiologic Studies
for Quantitative Risk Assessment

Leslie Stayner, Ph.D.
Division of Standards Development and Technology Transfer, National Institute for Occupational Safety and Health,
Cincinun, Ohio 45226

Although animal studies have been used mwt often for anim] studies because of the need to extrapolate between
quantitaftve riSk assessment, it is generally recognized that species and from the relatively high doses administered to

eepiden*ogic autin would provid the best animals to the relatively low levels of human exposures.
bus for estimatiig human risk. However. thwo ae sevel These unctaintes have led some authors to question
Ifetures related to the deien and analysis of epidemiologic t relevance of data from experiments in which animals are
ris The lack of acn te im nfOrmatin fo exosr in exposed to high doses for predicting hman risk() and to

epidemiologic studie is perhaps the most fequentiy cited suggest reliance on epidemiologic data for QRA. Other re-
limitation of thee shdie for r e Howeve.r, other searche have demonstrated a reamonably strong correlation
features of epidemiologic study design. such as statistical between caner potency estimates derived from assessments
power, length of follow-up, confounding, and effc modillca- based on toxicologic and epidemiologic data' 4 ) supporting
bon, mayalso limittne inferncesthatcan bedrawn from ths the validity of using animal bioassay data for predicting
sbidles. Furthermore, even when hie aforentio limits- human risk.
tions ae overcome, substantial uncertainty exists concerning Despite the uncertainties described above, them will
the choice of an appropriate statistical (or biologic) model for continue to be a need to perform QRAs based on animal
extrapolation beyond the range of exposures observed in a
particular study. This paper foues, on presenting a rviw bioasy data. The a atfve is to wait til greatly im-
and discussion of the methodologic issues involved in using proved epidemiologic information is developed, which is
epidemiologic studios for risk assessment This review con- socially unacceptable. Furthermore, because of the nonex-
centrates on the use of retrospective, cohort, mortality studies peimental nature of epidemiologic investigations, data from
of occupational groups for assessing cancer risk because this these studies have their own limitations that may often intro-
is the most common application of epidemiologic data for duce additional uncertainties into the risk assessment process.
quantitatie risk assesment (ORA). Epidemiologic data The purpose of this paper is to provide a rview of the key
should not be viewed as a panacea for the problems inherent methodologic issues and attendant uncertaunies related to the
in using animal bioassay data for ORA. Rather, information design and analysis of epidemiologic studies for QRA. This
that can be derived from epidm logic and ticloicsudies discussion will primarily focus on the use of nmospective,
complement one another, and both data sources need to beue to prvd the bad I of human risk. cohoM mortl~ity studies of occupational Woups for assessing

cancer risk because this is the most common application of

hintdtulon epidemiologic data for QRA.

Risk assesament is an emerg discipline that involves Study Dlgnn
the .ca ion of riks from human exposures to en- In contrast to experimental studies in animals, the obser-

m or occupational hazdL. The process has been vaional naure of epidemiologic investigations generally in-
defined as having the following fon sup: 1) idenfication oduces numo sorces of uncertainty into the QRA
of haards, 2) exposure assesamnint 3) estimation of dose- proces Unlike toxicologists, epidemiologists generally can-
lepa -e mlationships, and 4) the *acnition of risk. not randomly assin exposures to the toxic agent under study,

The numerical quantification of he risk sciated with nor can they limit exposures to other potential disease risk
humun exposuras has been nmlly efered to a quantira. faco that may bia and otherwise distort the relationship
tive risk assessment (QRA)" between exposure and disease. Risk assessors need to be

To date, most risk assessmnts hive been basd upon cognizant of the following issues Mlated to the design of
anslyses of animal bioasay data. Considerable uncertainty eP;Iemiologic studies, which my inroduce substantial mu-
genegly urrounds risk estimates derived from analyses of certainties into de QRA p
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Exposure and Dos EsdtMaon underestimation of the risk associated with exposures. How-

__ ~~~ever, it b'as been shown that exposure micAssfiatonmaThe lack of adequate information on exposure is the most e.er, ithsbe hw htepsemslsii oMay

frequently cited rean forejecting epidemiologic daas the result in biased risk estimates in either direction.0go)

basis for QRA. This is particularly a problem for mreiope- C-nounding
tive, cohort, mortality studies of occupational groups because
information on levels ofexposure is frequently lacking during Perhaps the greatest obstacle toward utlizing
the early time periods of these studies. This situation may epidemiologic studies for risk assessment is the potential for
improveascaompanies increase their routine collection ofdata confounding by other risk factors. Confounding is the mixing

an occupational exposures. Coniderable progrss has also of effects in which the estimate of the effect of exposure is

been made in developing beter methods for estimating his- distorted by the effect of an extraneous factor-( ") In occupa-
torical exposures in the wkplawe. () tional, cohort, mortality studies, poteni confounding fre-

Even if only crude estimates of exposures are available, quently exiss due to the presence of multiple exposures found

epideniologic data can still be useful for QRA. At the very in the workplace or due to differences between the study

lMa. if a range of likely exposures can be estimated for an popuion and the referent population in terms of personal

epidemiologic study, then a range of possible risk estimmaes risk fators (e.g., smoking).

can also be derived from the study. This range of risk es- Confounding in experimental (i.e., animal) studies is

timates can then be used to check whether the estimates effectively limited (although not eliminated) by randomiza-

derived from an animal-based model appear to be reasonable, nion of exposue. In nonexperimental (i.e.. epidemiologic)

i.e., me they in the range of the possible epidemiologic studies in which randomization of exposure is not performed,

estimates. €confounding variables may not be randomly distributed be-

Idelly, information on doses to the target t s should tween the exposed and nonexposed groups. Although the
be used for performing QRA using epidemiologic ad animal influence of measured confounders may be controlled for in

biemsay data. If the target tissue dose is a linear function of the analysis of epidemiologic studies, the possibility of con-

the external exposume, then use of the extenual exposure is founding by unmeasured confoundes can never be fully

appropriate for QRA, However, if one needs to extrapolate elimanatedz Greenhand(e) has alsp o iasizfo thco the failure

beyond the range of the epidemiologic data, then use of the

external exposure may produce unrealistic estimates of risk epidemiologic studies undermines the interpretability of the

ift relationship between external exposureand targettissue ietial statistics that are generally used in these studies

dos is nonlinear. Moreover. extrapolations from models (Le., p values and confidence intervals). Thus, the ue uncar-

based on epidemiologic dam may be undermined by taity in the results from epidemiologic studies may not be

physiologic and other diffeences witin the human popula- fully estimable because of unrecognized confounding.

tion unless estimates of dose rather than exposure an used for Effct Modficafin
the assessmen. For example, a model based on a study of the
effects of mpiratory exposures ina working male population Effect modification (interaction) in epidemi'ologic
could not be validly used for predicting risk to a nonworking studies is also an important consideration for QRA. Effect
female population unless douimetric adjustments were made nodification refers to a change in the magnitude of an effect
for tortar such as differences in ventilation rate. meaure (e.g., rate ratio) according to the value of an addi-

Direct of target tissue dos will rarely (it tional variable.(ii) The risks in occuptional cohort studies
ever) be available in o oral, cohort, mortality aigg ,s my be modified by related, time-dependent covariams such
However, physiologically and phamacologically based as age at first exposure, time since first exposure (empirical
models have recently been applied t the estimation of arge inducton period), or time since last exposure; risks may also
sme doses to impv extrapolations from animal studies to be modified by personal habits such as cigarette smoking or

predict human rik(6) Mme models may aso find applics, by otherexposures found in the workplace. When recognized
tUrm for irproving risk estimation based on epidemiologic mad property analyzed, effect modification may be viewed as
studies. In addition, biological maker such as DNA and minadvantagofepidemiologic damaoveranimal biossay da
protmein adducts. may also be useful for estmating at the for QRA because it provides information on how exposures
molecular level the dose to target tissues in epidemniologic risk intMact in the real world. However. unrecognized effect

m fmenia.) a ion may introduce additional uncertainties into the

The poenial influence ofexposur misclassificato on extapolation of the results from an epidemiologic study to
risk estimates derived from epidemiologic studies is an am oder populations in QRA.

requiring additional ivesigaton. It is oftn mumed that
d frential misclassification of exposure will rmalt in aEL andoSoafiattu al w

weakenin of the dose-rsponse relationship and, thus, an Epidmilogic studies are relatively insensitive for
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TABLE L SiMple Shen EsMtimte for Detecting Vasykg Levels of Exces Lung Cancer Risk
In a Hypothetical, Reft nepective, Cohort, Mortality Study
As:: ..ed
Excess Rela" ve Expeced Person Number of
Risk Rlisk (-SMR ~ Dea#1116 VearC Wbrera

e1.20 170 217.161 4.343
lo"1.02 10560 2.0 x le 39 X 605
l~41.002 1.5Xl16 2.0 x109 30.8 x108
lo"1.0002 1.5x log 2.0 x1011 .39.6 x10'0

RPlatlv Mais calcuisted Laing a background risk (cumu~laive probabifty) of 0.06 for developing Iugcane
ior mWe over age 15. based upon the proportIon ofdeathsfrom lung cancer among U.S. malessover age 15
In a(3
Expec'd nuifter of deaths OSli~daled using bomwAa from Beaumont and eresiow.(14) aumMngV 80%i power,
(1-0), a Weve of 0.05 (teland the calculated relative risk

%~ravostaem calclaed by divkiatg the e**pcWe mnuber of death by the "un cancer raoe (7.8 xl 1o- amnong
mesbehween the ages of45 and 54 based on U.S. mortality rates from 1962(13) which is app ulmtelythe

average of the hypothece populaton.
%wimber of workers calculate by assuming each w~re conlbtued 50 penson-yemr to the study.

detecting the levels of risk that are of general concern to is difficult to fully dismiss the potential for confounding at
regulatory agencies and tha need to be ustimnated in QRAs. such low levels of relative risk.
Although rigid criteria for significant (demninimus) risk have Therefore, negative epidemniologic studiez generally
not been established. the U.S. Environmental Protection cannot be used to rule out the levels of risk that ame of concern
Agency (EPA) and Food and Drug Administratio have to regulatory agencies because of the limitations in statistical
generally sat regulations to limit riskcs to between 1 per power discussed above. Negative epidemniologic studies,
100,000 and 1 per 1,000,000. The Occupational Safety and however. may still be useful for developing a likely upper
Health Administration (OSHA) in its most rec~ent rulings on bound (Le.. confidenice interval) on the rik of exposure.
carcinogens has generally adopted exposure limits that co Mewk-analysis, which involves the combination of study
respond to a lifetime risk of 1 per 1000 workers reuls myb used to improve the sensitivity of epi-

Estmates of the population size requied for a retrospec- demiologic studiesY''5 However, combining occupational
tiye, cohort, mortality study to have 80% statistical powerA studie to perform a meta exposure-response analysis may be
(at ix -0.05) for deteicting lung cance risks corresponding to problematic because different methods are often used to
the levels of risk of between 1 per 100 and 1 per million are estimate exposures in these studies.
presented in Table L These estimates were constructed for a
hypothetical cohort of male workers who were followed for Length o1 Follow-Up, Latency, and Lag Penods
50 years In practice, the average period of follow-up in most
occupational cohort mortality studies is considerably less Most regulatory agencies are interested in developing
than 50 years; thus, these estimates are most, likely underes- regulations based upont estimates of lifetime risks of ex-
timates of the true sample sizes that would be require& posures. This presents a problem for using occupational,

It is readily appearet from Table I tha extremely large cohort, mortality studies for QRA because, in most studies,
sample sizes would be needed to detec the levels of risk of only small segments of the population have been followed for
concern to U.S. regulatory agencies. Even at th noia an entire lifetime. In contrast, in most animal bioassy
demninimus ris level of 1 per 1000 (used by OSHA). a sample studies, the animals awe observed for nearly their entire life
sin of nerl 400.000lJ workers wol be reurd Few span. Thus. some epidemiologic investigations may be nega-
retrospective, cvhort, morabWs studies have been pwfb.wd tively biased if the study population was simply not followed
hathave incldedths may workersan tusittisexuwnly for a suffiiently long period of time.
unlikely thag sufficiently large cohorts can be identified to The total time fromnfirstexposure toftheclinical detection
detec risks below 1 per 1000. It is also noteworthy that few of or death from cance has been tetmed the "empirical
epidemniologiss would be willing to accept reative risk es- induction time" by Rothman1 6 ) but is mnor frequently
timatas as low as those presented in Table I as being causally rdefen tona the time since first exposure (or imprecisely as
significant (even if it was statistically significant) because it the latency period). As illustrated in Figure 1. this period of

tirm can be conceptually divided into two phases: 1) the timne
from fairt exposure to the development of a malignant cell

AO..tioiesdprobaty)imnlgypmnrblqejs' -Pnne'doth "Induction period" and 2) the time from when a
M01 1yes TAM it Juss).e cell b nomes cuicerotis until the clinical detection of the
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SLENGTH OF FOLLOW UP ,OM-. ,attheNationate forcupationalSafetyand
Health (NIOS)) of the risk of lung cancer associssed with
cadmium exposure based on a NIOSH retrospective, cohort,
motaity study of worker, from a cadmiun production

INDUCTION LATENCY facility
PERIOD PERIOD

Stitcal Models

,_ ,Most QRAs based on occupational mortality studies

biologically based models (described below). Considerable

progpes has been made in developing statistical methods for
modeling hazard ratesB from occupational, cohor mo-

EXPSURE DI DIEASE studies in the pau decade. An excellent review of these
ONSET INITIATED DETECTED modeling techniques is presented in Breslow and Day.(

Thene models may be broadly categorized into two classes:
FKlU I. LanoatbuIwW 1) models in which the effect of exposur adds to the back-

ground rate (additive models) and 2) models in which the
tumor (or death from the malignancy) termed the "latency" effect of exposure multiplies the background rate (multiplica-
or -g" ,Peid-(16) Exposures that occur during the lag period tive models). These two classes of models may be represented
may be expected to have no effect on tumnor incidence and mathematically as follows:
should be discounted from expostue-response analyses.

Although the actual lag period is generally unknown, it additive: (t) - )o4t) + r {x(t)l) (1)
can be estimated empirically by iteratively refitting models
with different assumptions about the length of the lag multlicaive: t) - ).o(t)r {x(t)p} (2)
period.(" The lag period that results in maximizng the where: ).(t) = predicted hazard rate
goodness of fit of the model may then be chosen for use in Ao(t) = kground hazard rate at age t
the final risk assessment modeL x(t) - vector of exposum and other explanatory

Although the induction period generaly cannot be varables
measured in cohort mortality studies, the effect of the empin- vect of m ion pamete
cal induction time (i.e.., time since first exposure) can be - ve t e freesion parater.
assessed. fthe empirical induction period modifies the effect rlx(t)) = relative rate funion (for Equation 2) or
of exposure, then extrapolations for QRA need to a excess (for Eqtion 1) rate function
into account. Rate functions (rjx(t)}) that have been commonly used

for models of cohort mortality data include:
Sitastidc Analyses

exponentlW: r{x(t)l) - exp (x(t)Q) (2a)
Model Selection

addti relative rate: rjx(t)l) . (1 + x(t)•) (2b)
Risk assessors have long rcognized the difficulty of

selecting an appropriate matmatical model for extrapola- powe, r(x(t•}) - (x(t) + (2k)
tion in QRA using animal bioassay data) While it is where: k = mail "background" exposure level.
possible to empirically choose models that describe the data which i often assumed to be I
well in the range of the observed data, the true dose-response
relationship for the lower dose ringe is generally unknown The functional forms previously described may be finted
mad can only be inferred based upon biological and statistical to data frt occupational, cohor mortality studies with
con-iderations. This problem is generally not clzcumvented person-yeus and observed deaths categorized by the ex-
by using data from occupational mortality studies because posure and other explanatory variables using Poisson regres-
these studies most often include individuals who were ex- sion.O2) Alternatively, with the exception of the additive
posed to relatively high exposures in the pas and, as model, all of these functional frms may be fitted to data from
demonstrued above, extrapolations beyond the range of the occupatioa ohor, mortality studies by modeling the
data ae generally required for estimating low-dose risk
owing to limitations in statistical power.

In the following sections, examples an drawn for heuis- 6M Mmd n is do bs m ptibnby a(dyig ha ,
tic purposes from an assessment recently performed by re- S mi w ooduadm-
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hazmrd rate continuously usig the Cox proportionate hazards Ballard Rate

In theory. these two approaches should yield similar
results assypotclly.Cl In practice, as the reults 0.0
presented In Rprgw 2 from the NIOSH cadmium risk assess-
umet 19 ) illustrate these regression methods; may yield some-
what different results The coeffiient for cadmium exposure 0.006
was approximately three times lower fronm the Cox propor-
tional hazards, model than from the Poisson regression model.
even though both models had the same functional form (ad- o.oo4
ditive relative rawe) and paraneters.

In general. selection of an appropriate functional form
for modeling cuannot be based solely on statistical criteria of 0.002
goodness of fit. Several models may provide a reasonable fit
to the dama and it is generaily necessury to consider additional
information (e~g.. biologic) for choosing an appropriate 0
model for QRA. On the other hand. amodelthatdoes notfit 0 2 4 6 a 10 12
the data in the observed data range is unlikey to be a reliable Micrograme Cadmium Per Cubic Motor-Years
model for predicting low-dose risks. (Thousands)

An example of this dilemma isprs ed inFigure3from - Power 4- bpeineil
dhe NIOSH cadmiumn risk assesmen.)'In this assessment -- W IAasar 1111au.
the goodness of fit of the various fuinctional forms described FIUE3 osamd w rwnafcnotinevcuin
ahove was evaluated using Poissont regression. The power 3 PsmbdolUOpdilI IMA ,umtabcO.fCIuhaiap7 adl9 wuD60
function. additive relative rate, and exponenia multiplica- ~7.14-90
tive models all provided a reasonably goo fit to the observea
data. wherea the additive modiel did not appear to fit the data because the model predicted background hazard rates that
well. The power function model, which fit the dat the best were nearly two orders of magnitude lower than the rates in
(i.e., lowest model deviarice), was not chosen for the QRA the U.S. general population. The use of the power model for

the QRA would have resulted in grossly inflated estimates of
relative and excess risk. The additive relative rate model,

WE________RAW_______ which was the next best-fitting model, was chosen as the
model for the QRA. It is noteworthy that the hazard rate
estimates derived from these models diverge by over an order
of magnitude at the extremes (i.e., high and low doses) of the

6 exposureý-responise curves.

imermal versus External Analys&
Standiardized mortality ratios (SMRs) are generally

4 reported as the effect measure in most occupational cohort
mortality studies. The SMR is the ratio of the number of
deaths observed to the number expected and is frequently
multiplied by 100 to express the ratio as a percentage. The

2 expected number of desth is calculated by applying the age-,
* calendar time-, race-, and sex-specific person-year.; dismibu-

dion of the study population to the corresponding rate from
an external rpfetent group (e~g., the U.S. population).

Risk asessors have modeled SMRs that we reported in
o occupational,. cohort, mortality studies for several exposure
0 2 4 4 groups and. sometimes, even with just one group.(zb) The

CUMUUATVE EX(POSU ffio"n" models discussed above may be modified to incorporat
MW rm/ul m.. - -yews ~ external rate yielding the following mathematical forms that- POS N MOL -4-00C OOare analogous to Equations 1 and 2:

FIGURE 2. Comparism of fam nio eWam ht miabk of Bo NMOH
aidwim so*i ud. Dm k"W 5 )wLs additav: X.(t) a r.(t + r JxMt)) (3



48 Ch•ma Risk Assessment

mu~l•tcativm: (t) - .(t)r {x(t)) (4) EVOUSS RISK PER 1000 WORIERS

whem r•et) represents the external mortality rates and the
other parameters an unchanged from the Equations 1 and 2
described above. Equation 4 may also be expressed in tem 400
of modeling the SMR using the following form:(=

OB r.x4400) (5)

where: OBS - observed
EXP - expected number of deaths

Although modeling SMRs may be the only possible
approach if the risk assessor only has access to published
tables, tihe ae at least two serious potential problems with 100
this approachL First. becu•e SMRs are indirectly stand-
ardized the SMRs from differm exposure groups we not
standardized to the same sadad and, thus, ame not directly 0
compsmble."' ' Therefor. the modeling of SMRs hfo 0 o o
several exposure groups my be biased by demographic (e.g.. TVA (MICROGRAMS/CU.C METER)
S ,race, or sex) or other differences between the categories. - H U00EL-4- 05N-MULTI5VE
Second, and probably of greater significance, is the well-
known fact that S1MRs may be negatively biased because of -4- mo I Nou MODEL

the "healthy worker effect";(27n) i.e., a working cohort may FIuURE 4. Cainuie of KiOSS .d OSHA exm risk ens for
have a lower incidence of disease (or mortality) than the Cmi pa.mgiq45i•nimomasa.
general population (the referent) simply because they me
healthy enough to be employed, least in put, this discrepancy might be explained by the

An alternative analytic approach, which avoids the pit- potential negative bias in the SMR analysis due to the healthy
falls described above for the analyses of SMRs, is to base the worker effect. In the NIOSH assessment, a similar functional
analysis on internal compsnsm within the cohort using the form (i.e., additive reladve rate) was fitted using Poisson
modeling techniques described above (i.e.. Equations I and regression, but the model was fitted to the intemal stratum-
2). Although most occupational cohort mortality studies do specific rates generated directly from the study. It can be seen
not include an internal nonexposed group, an internal analysis dia the NIOSH risk estimates were higher dtm those from
is still possible as long as there is a range of exposures within OSHA's epidemiologic assessment, but they were still some-
the cohort. The inclusion of an internal, nonexposed, referent what lower than the estimates produced by the multistage

group, when available., does add some stability to the regres- modeling of the rat bioassay study. Thus, it appears that
sion model. OSHA's reliance on modeling the SMRs, as opposed to

Figure 4 presents a comparison of te result. f•m an internal analysis of the rates within the cohort. introduced a
analysis of the risk of lung cance in relation to cumulative negative bias in the estimation of risks.
exposure to cadmium that was performed by OSHA(29) with
the result. from the NIOSH cadmiumn risk assesmeni(t 9) to BWogIC ModIE
illustrate the poterntia bis that may be introduced by the
modeling of SMRa. Both analyses were performed on the Biologically based models, partcularl models based on
findings of a NIOSH cohort mortality study of cadmium the multistage theory of chcinolees, have often been
smelt workers?0 although the NIOSH anmlysis was based ued for producing rsk esima from animal bioassay dat
on a more reen follow-up of this cobaim.') OSHA also Them models have the advantage over statistical models of
produce risk estimates based upon a multistage mode of a being baed on biologic dthory, thus providing a theoretical
rat bio•Msy studym -which m also presented in Figure 4 bais for extrapoladon to low doses. On the other hand. these
for comparison purposes. models may be oversimplified representations of the complex

For its analysis of the epidemiologic data, OSHA per. process involved in carcinogenicity, and the validity of
formed a Poisson regression of the SMRs reported by Thun these models warrants further investigation.
et al.'M using - additive relative mm ftiom The risks The multistage theory suggests that. in order for a cell to
pedicud from OSHA's epidemiologic risk assessment were become cancerous., it mist progret dtough a series of or-
approximately seven mes ower than the risks predicted by dwed, independeut, and irreversible stages. Stochastic
modling of the ra bioasy data. It was suspected ddat, at modes have been derived based n the multistage theory for
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application to animal bioasmy data. The quantal multistage environmental exposures.
model(32) has been the most commonly used model, which is
fitedtothe propori onsofunimrsattheendoftheexperiment Translating Rates to Risks - olatlon Models
using the following mathematical functional form: As mentioned earlier, regulatory agencies generally re-

quire estimates of lifetime risk for their decision-makingP1 (-( + qld +... + qwo*p) (6) process. Thus, the hazard rates (or rate ratios) that are es-
where: P = cumulative risk timable from the statistical models described in this paper

q reession coefficients need to be converted to estimates of lifetime risk. In order to
d = dose make this conversion, assumptions need to be made about the
k = number of stages affected by the exposure duration and timing of the exposure. For occupational QRAs.

it has generally been assumed that the workers are exposed
A "linearized" version of Equation 6, based on the upper for approximately 45 years (Le.. a working lifetime) starting

95% confidence limit on the linear parpte (qt) has been at age 20, whereas for environmental QRAs, the exposur has
used extensively by EPA for its QRAs.(33 ) A time-to.tumor generaly been assumed to be initiated at birth and to last until
version of the multistage model has also been developed for death at.approximately 70 years of age.
modelingthe time to the event (tumor) in animal bioassay Gai M has proposed methods for computing lifetime
studieOS ) risk based on actuarial methods, which account for the effects

The multistage model has been shown to provide a of competing causes of death. For multiplicative models, the
reasonabl descrition of the relationship between cancer lifetime risks of occupational exposures may be estimated
incidence and age(3) for most nonhormonally mediated can- using Gail's method to estimate the risks of 45 years of
cen in humans. Doll) has reported that the effect of exposure at age 75 based on the following formula:
cigarette smoking on lung cancer risk appears to be consistent 74 i
with smoking altering the first paramneters stage of a five- ,RR - 1) q(A(i) exp1 720{(Rj - 1) qd) qa 0))] (7)
stage model whereas other analyses indicate that smoking •
may act on both the first and fourth stages.() The multistage
model has only been applied in a few cases to the analysis of where: RRi = rate ratio estimate from the model
occupational, cohort, mortality dat.( 3637 ) for exposure achieved at age i

The implications of the multistage model may be ex- qd(i) = background age-specific rate for
plored indirectly by examining how the patterns of relative the disease of interest
(or excess) risk in an epidemiologic study ar modified by qa(i) = background age-specific mortality
age at initial exposure and time since last exposures) ff a for all causes
carcinogen acts on the first stage of the process, then 1) i = age indices
relative and excess risk am increasing functions of time sincelatexposure and 2) excess risk is independent of age s initial The results from the application of this approach to thelast heureasd te relves risk indecdenfases with i ingl estimation of lifetime risks from occupational exposure toexposure, wherea the relative risk decreases with increasing cadmium based on the additive relative rate models from the
age at initial exposur f carcinogen acts on the penultimate NMOS'9) QRA are presented in Table U. Based on this
(next to last) stage of the process, then 1) relative and excess assessment, the lifetime risk of dying from lung cancer after
risk increase with age at initial exposure and 2) the exces risk 45 years of exposure at the current OSHA standard for
is independent of time since last exposure, whereas the rels- cadmium fumes of 100 gg/m 3 was estimated to range from 5
tire risk derae with increasinlg time since last exoueFor examples in a NIOS r39) asitamesmn of radon daughte. to 10 per 100 workers. Note that in this model (Equation 7),
andmlunge incanisk. hw relativesriskmwetofrervedtoindugM the rae ratio is assumed to be constant with age at risk and
with an g at initial exthre rat decreais with time since last length of follow-up and is solely dependent on the exposure
expohaue. suggating that raden ancr on a lith stime in the achieved (at age i). Adjustments to the extrapolation model

posuresuti ng that r aneed to be made if there is evidence that the effect of exposure

Recently, two-stae models of a Ioees have,__ is modified by these or other covariates.

proposed for use in risk assessment.(L In addition to allow- Conclusion
ing for two mutational events, these models allow for the
influence of exposures on cell growth and differettiation. Th purpose of this paper was to review and discuss the
Two-sta• models have been shown to provide a reasonable majormethodologic issues relatedtothe use ofepidemiologic
description of the age incidence curves for most hwmen data for risk assessment. Although animal studies have been
tunous, including honnmonally mediated tumors that am not most often used for QRA, it is generally recognized that
well described by the multistage modeL(41) Them models well-conducted epidemiologic studies would provide the best
have not as of yet been applied to QRA for occupional or bsis for estimating human risk. However, the observational
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Exposure Assessment in Risk Assessment

Robert F. Herrick, Sc.D.
Naiona Insttute for Occupational Safety and Health, Cincinati, Ohuo 45226

The assessment of exposure is an Important component timate population risks. In this; cuse. exposure status is an
of fthersk assessment procss Exposure Information is used lnependen: variable used in a predictive model to estimate
In risk assessment inat least two ways: 1) In the Idernltifcation population risks so amD in exposure assessment will result
of hazards and the epidemiologic research IWrestlQpting ax- in error and uncertainty in the risk estimates. The quality and
posure-reapofl5 relationships and 2) in Mie development of prediuctv value of quantitative risk assessmients are en-
popualation exposure estimates. In both of thes case, the hasncedi, therefome b~y ipoenuerts in the assessment of
value of a chemical risk assessment is enhanced by improve-

iot, in ft quality of exposure assessments. The optimum exPosure
exposue assessment is the direct measuremient of population
exposure, howeve, such measuremnents are rarely available. The Exposu..rJagoe fleepor Continuum
Reicent develotalriets In methods for exposure assessment The discussion of exposure assessment in quantitative
d~ow estmatus to be made that are valid impresentations Of
actual exposure. The use of these exposure estimates to ris as suessmet can begin by examuinling the concept of ex-
dassof exposures correctly enharinctesM likelihood that posure itself. Particularly for the case of environmental con-
causal associations between exposure and response will be tact with chemicals. exposure can be viewed as part of a
correctly identilied and that population risks will be accurately process thrug which a chemical produces a toxic response
assesed. or health effect. When the chemical is, in fact, the cause of

die observed effect, the pathway from source to response may
hutroductian be termied a causal continuum. As shown in Figure 1, there

Chenical risk assesurient is fone upo th peis e several components of this pathway, of which exposure
that exposure causes risk. The presence of exposure indicates is one.
potential risk In the simplestcase, forexample. those without
exposure in subject to some background level of risk of an ArblrConcentration
adverse health outcome, whereasu those who are exposed may lbe pathiway starts at the source of the chemical itself.
experience soame incremeint of risk above background. The Fo u upss the source may be considered to be the point
quantidttve flak assessment seeks to describe the nature of of release of die chemical into the environmenit. The source
the association, between exposure mid the response which may be a stack relesing sulfur dioxide (S02) into the atrno-
constitutes die addition~al risk. sphere. an outfall from a sewage treatmnent facility, a furnace

Exposure assessmerit is an important component of die in a foundry, or a uew carpet in an office building. Whent a
oveaull risk asossient p rcess The irnfonnation derivied sourc has released a chemnical, die chemrical's presence in the
fromt exposure assessment may be used at two points. at lest evirornt is chaacerized~ as an ambient concentration. It
in quurititative risk sasme55fiU. The first is in research, par- may be described in units such as mass per volume. e~g.,
ticularly in die human epidemiiologic studies that we irpor milligrams of particulate material per cubic mete of air
lam for hazard identification Sd dohsessei of (mg/n 3) or micrograms of chloroform per liter of drinking

I VM 1M~dw-rso se sociatiOnsP) In dimse stuies, wame (jizL). All measures of ambient concentration are
vali exposure assessmenat is c5~aw" to Wg iIthese as defined in such teo.s of units of the contaminant per unit of
soclatlons and to establish evidence that the associations em th environmental matrix.
causal in nature The criteria that aem applied to evaluate the
likelihood of a causal association (eg., the ationgth of the Epsr
exposre-response association the rIosaicr POf an exposure..
response rend, audsa clew temporal relationshi between The ambient concentration is an environmental measure,
exposure and developmnent of die effect) all require at least which is independent of any human interaction. When people
an hidirect assessnunt Of axpounze(2) came into contact with a chemical through an environmental

Theaeondusofuiposurenormadonlsnasalassflca- medium, die process is termed exposure. The factor that
dion variable when risk asesesmient models em used to es- distinguishes between ambienit concentration and exposure is
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this lack of analytical specificity could be overrepom ng of
the true butadiene exposure, which would result in errors in

UONCeSTUAIIM describing the exposure-response relationship if this ex-
posure data were used in a quantitative risk assessmen.
Another examnple of the importance of knowing the composi-
nion of exposure comes from animal studies of S02 exposure

U O and aerosols. Atmospheric particles smaller than I Win in
diameter were found to strongly potentiate the irritant effect
of S02 compared with exposure to gaseous S02 alone or in
combination with large-diameerplan ,maerial(') lIthe
true composition of these mixed atmospheres were not
known, including the gaseous S02 and the aerosol size dis-
tribution, the actual exposure-response relationship between
S02 and pulmonay irritation would he obscured.

FIGURE 1. Q modd of Carme WSOdR in -oPW A MOaniUd of Eipomaur
Another characteristic of exposure that must be assessed

the human interaction with the environment. Just as a tree Aohrcaatrsi fepsr htms eisse
failing intherfost ma h rae eney i sthe fom of is its magnitude. The accurate quantitation of the level of
failing in the forst may release energy in the form of sound exposure is an essential component in the assessment of risk.
waves, it is noise only if there is someone there to hear it. By Methods to measure the level of exposure are the subject of
the same logic, the presence of a contaminant in an environ-mentdoe no neessrilycontitte xpoureunlss her is several full disciplines spanning methods derived from air
areceptor in the envrom ent to come into cxpont with the pollution, industrial hygiene, and a range of occupational and

environmental health sciences. The methods for assessment
contaminnt. Exposure is the result of human contact with an of chemical exposures are usually driven by, and limited by,
ambient concentration of a chemical. Following the causal t l ofanalytical chemistry. The measure-
pathway in Figure 1. we reach the center concept of exposure mens made using these methods usually reflect what is
resulting from human interaction with the environment. possible analytically rather than what may be the best infor-

When exposure is considered as a componen of the mation for studying the association of the exposures and
causal continuum, it is helpful to think of it in terms of a health effects. Forexample, painters using epoxy-based coat-
process, rather than an event. Although there ae momentary inp may be exposed to aerosols containing epoxy resin
events and short-term exposures that may cause adverse molecules which have two functional epoxy groups each.
health effects, most risk assessments should consider ex- These reactive epoxy groups are rsponsible for a range of
posure to be a process occurring over time. Exposure can then toxic effects associated with epoxy resins, such as sensitiza-
be regarded as a dynamic process in three dimensions: com- tion and mutagenesis.(5) Epoxy paints are prepared for ap-
position, magnitude. and time. plication by mixing the resin with a curing agent that reacts

with the epoxy groups. The mixture that constitutes the
Composition of EVOrm painters' exposure contains some epoxy resin molecules

which have begun to react with the curing agents in the
Acmurate exposure assessment requires a complete un- mixture, foming polymeric chains. These chains still contain

dectan dingiof the compao ition of exposur. If we ae to available (unreected) epoxy functional groups, however, and
corecy idenify asto ciations betwee exposure s nd effect, a ime nt method that is sensitive only to the unreacted
the true nomosition of the exposue m us be knwnsI DOBA molecule can seriously underestimate the effective
epidemiologic studies, the incomplete or inacuyrate assess- total epoxy exposume.(s) Limitations such as these may be-
ment of the camposition of exposure may reult in die failur come app-unt when we consider exposure as it is related to
to identify a causal asoito between extposur and dose as a cause of effects in biological systems.

response, orrroneous attribution ofcause through confound-

ing or effect modification. In a recent study of exposure to the Evure Over Time
industrial chemical 1,3-butadiene, we discovered that the
analytical method which had been used historically to The third dimension that can be applied to exposure is
measure exposures to this chemical may have incorrectly time. Exposure isa process occurring over time, and the first
included e of compounds other than butadlene two ch€rlcteristics (composition and magnitude) change over
along with the actual butadiene exposure. Tme source of th time. Accurate assessment of exposure must recognize the
uncermtiny was the incomplete resolution of these com- dynamic natnr of exposure over time and consider the defc
pounds in the gas chro• atographic analysi. 0 ) Tme result of of thes changes on the nanti of the exposure-response
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relationship. Monitoring techniques available today, for ex- a measure of exposure that is representative of and correlated
ample, allow continuous monitoring of chemical exposures with dose. In this manner, we can deternine exposure as the
in real time. In studies such as an investigation of the asscia- environmental precursor of dose. Using this as our operation-
ton between ozone levels and respiratory function in al definition, we can refine our methods of exposure mess-
chldren, continuous monitoring for ozone revealed that the mat to optimize the value of exposure as a dose measure.
concentration in the hour preceding pulmonary function test- In studies that seek to evaluate the association between
ing was the stronges predictor of effect as compared with exposure and effect, exposure should be assessed as the best
exposure levels averaned over other time intervals, as well as possible surrogate or marker of dose. This means that ex-
cumulative exposure.' In chronic diseases such as cancer, posure measures must consider factors that will mediate the
cumulative lifetime exposure to compounds such as asbestos pathway between exposure and dose (eg., the characteristics
and benzene have been strongly associated with disease of exposure itself such as composition and magnitude over
risk.($') In these studies of chronic effects, exposure levels time) and the characteristics of the exposed population. Fac-
changed dramatically over the time during which the study ton such as the age and gender distribution of an exposed
subjects were exposed. Exposue assessment to document the population can have a very significant effect on the relation-
changes in the level of exposure over time was essential in ship between the exposure and the dose to critical biological
developing accurate exposure estimates to correctly classify units between individuals in the exposed population. Occupa-
study subjects in the epidemiologic analysis. tional factors, such as contact with other chemicals on the job,

The time at which a subject's exposure occurred can be can have a significant impact on the nature of an exposure-
important in investigations of the exposure/dose-reponse response association, e.g., the synergistic effect of polycyclic
process. The age of an individual at the time of exposure, or aromatic hydrocarbons and sunlight in the risk of photosen-
during the period over which exposure occurs, is a factor sitization and skin cancer among roofers and highway con-
which could influence the likelihood that exposure will result struction workers."1 2) Factors related to lifestyle and personal
in a health effect. It is known from animal studies, for ex- behavior can have a substantial impact on exposure-response
ample, that younger animals are more susceptible to the associations, as in the case of smoking among asbestos-ex-
induction of cancer from exposure to polycycfic aromatic posed workers. Exposure assessment must be comprehensive
hydrocarbons than are older animals.(') Therefore, age at the in approach, recognizing the characteristics of the exposure
time of exposure should be considered as a variable in of primary interest, of other potentially confounding ex-
evaluating these associations. The time sequence of ex- posures, and the characteristics of the exposed populations
posures may also be a determinant to be considered in an that will influence the association between exposuWdose and
exposure assessment. If exposure to an agent that is a response. When exposure assessments are optimized to iden-
promoter of a carcinogenic response takes place after an tify exposure correctly and to classify study subjects based
initiating event, the eventual health outcome could be very upon exposures that are relevant to the effect being observed,
different than if the order of exposure were reversed. An the power of study to identify an association and to establish
exposure assessment that identified the occurrence of both evidence that it is causal in nature is enhanced.
exposures without noting their time sequence could obscure
the actual association between exposure and risk. Expoures of Populations

Dom In hazard identification and epidemiologic research, or
in risk estimation, the quality of the exposure information is

In our efforts to improve the quality of exposure assess- an important determinant of the quality of the risk assessment.
ment, it is important to recognize that exposure itself is not When a causal relationship between exposure/dose and
the proximate cause of a biological change or a health effect. response has been identified, or when evidence for such an
Exposum isaprocess that results ftom human interaction with association is being evaluated, assessment of exposure as a
an ambient concentration of a contaminant. The assessment valid indicator or surrogate of dose is essential. The goal of
of exposure is an environmental measurement we need to an exposure assessment, therefore, is to provide an accurate
recognize that exposure is not the same as dose, although they exposure value for each member of the population of interest
ae closely related. As shown in Figure 1, exposure and dose One approach to obtain this is to assess exposure by direct
ae related parts of the causal continuum, but there are impor- measurement for each individual in the population. This has
tUNt differences between the two. For our uses, dose can be been done in some well-defined populations, usually in oc-
considered to be a measure of an agent at a receptor site in a cupational settings, when the outcome of interest is an effect
living system."') The molecular site at which biochemical with a short period of induction or latency, such a a level of
events take place is not accessible for direct meamuemen, enzyme activity or a molecular end point Studies such as
Although we do not have the ability to directly masure the these can be conducted cross-sectionally allowing individual
quantity of a toxin directly at its point of action, we can make exposure and effect measurement for each study subject.
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This can be a powerful approach to research and risk assess- amounu of measured exposure information is availabl In
,r e because exposure measuremen techniques can be used such cases, an exposure value measured for a prtion of the

that continuously monitor the level and patmn of personal study population may be assigned to others in the population
exposure over dime.(13 In most situations thi sort of direct who ae considered to be similar in terms of factors tha
measurement is not possible, and some method for estimating determine their exposre. This approach offers the advantage
exposures from limited information must be employed, of allowing examination of the nature and shape of the

The simplest exposure assessment fora population is the exposur/dose-response relationship, as the exposure classes
dichotomous classification into exposed and unexposed have a numeuical value associated with each of them. The
groups. Members of the population of interest can be clas- major disadvantage of this approach is that errors in the
sifled on the basis of ever having been in a situation of assignment of individuals to the classes and errors in the
potential exposure to the contaminant(s) of interest. Ex- ranking values used for the classes tend to create exposure
amples of such dichoo us classification could be 1) ever misclassification which dampens the apparent relationship
having lived with a smoker (yes or no), 2) ever having worked between exposure and response, provided the classification
in a chemical production facility, or 3) ever having lived in erMs ae random.06.17)

an area served by a particular municipal water supply system. The most quantitative approach to exposure assessment
A simple classification system such as this offers the ad- (short of making individual personal exposure measure-
vantage tha it is likely to distinguish individuals between the ments) is to develop a srategy to assign unique exposure
twocategonescorrectly. Therewmanumberof'disadvantages values for each member of the study population over the
to such a system. Specifically, it is qualitative in nature, period of interest. This approach has been employed when
providing very little information about the nature and mag- there is at least some measured exposure information that will
nitude of exposure. By using such a surrogate measure of support the development of a predictive model to estimate
exposure, the amount of misclassification may be low, but the exposures for individuals and time periods where measured
value of the. exposure classification for risk assessment is exposures ae not available. The available information on the
limited. However, this sort of classification has been useful levels of exposure and the characteristics of the members of
in investigating associations between employment in par- the study population can be used to develop statistical models
ticular indusmies and disease, e.g., studies of cance of the that predict exposures. Although this approach to exposure
respiratory tract among coke oven workerL(14) assessment requires sufficient measured data to support the

A variety of exposure assessment methods may be con. development of a predictive model, it has the advantage of
sidered as semiquantitative approaches. These techniques we genermng point estimates of exposure that can be used for
an improvement over the simple, dichotomous classification quantitative risk assessment. 3,'
because they attempt to classify members of a population
based upon the magnitude of exposure on a relative scale. A Exposura Mlca.iflcaton
common assessment technique is to use duration of exposure
as a marker for total, cumulative exposure. The extent to If we consider exposure as a risk factor for the develop-
which total length or duration of exposure accurately repre- ment of a health effect or disease, the nature of an association
sents total exposure is limited by the homogeneity of ex- between risk and effect can be fully and correctly evaluated
posure level between members of the study population, as only when the risk and effect measures are valid. Incorrect
well as over time. If all members of the population have the assessment of either exposure or effect results in misclas-
sane level of exposure and if that level is constant over time, sification that can obscure true associations and lead to error
then a ranking of population members by total duration of or uncertainty in risk assessment.
exposure would be identical to ranking by cumulative ex- Exposure misclassification is most likely to be nondif-
posum.These conditions ofconstant. homogeneous exposure ferential in nature; that it. errrs in exposure classification
over time we rarely met, however, and the use of duration of will occur throughout the study population, without regard to
exposure as an exposure assessment outome can result in health or outnc e statms. In the simplest case, members of a
substantial misclassiflcation.!") In cases where information study population who we truly exposed may be incorrectly
has been available to examine both duration of exposure and classified as unexposed., and some exposed me classified as
some other exposure classifier which accounted for differ- unexposed. In this case, the net result will be a bias in the
ences in exposure between individuals and over time, dura- study findings toward the null hypothesis of no association
don has been found to be an inferior predictor of risk.(s'-) between exposure and response. In more quantitative ex-

In recognition of the variability in exposure between poure asesaments. such as the msignrent of individuals to
individuals and over time, exposure assessment strategies rank-ordered categories based upon cumulative lifetme ex-
have been developed employing ordinal nking system to posur% nondifferential misclassification between adjacent
classify individuals into categoe based upon level of ex- exposure categories can have an aeuinz effect on an
pome. These approaches we frequently used when a limited ePposr-spoe trend, if oe, in fact, exism. Even when
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Quantitative and Qualitative Extrapolation
of Carcinogenesis Between Species
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As currenty conducted, standard rodent bioassays do not rodent biossays a the major source of information to predict
provide sufficient information to asss cirqsnic risk to the risk to humans from chemical exposures. Two types of
humans at doos thousands of times below the maximum exmrplation are required in such an undertaking: 1) a quan-
toleratid dose. Recent analym indicate th measures of itative extrapolation is necessay from the maximum
carcnogenic potency from these tests ae restricted to a tolerated dose (MID) administered in biossays to hunan
nurow range about the maximum tolerated dose and that exposure levels that we usually hundreds of thousands of
information on shape of the dose-respnme is limited in ex- times lower and 2) a qualitative extrapolation is necessary
peiments with only two dosse and a control. Extrapolation betweenashort-livedspecies. sch a rats or mice, tohumans,
frntn high to low doses should be baseld on an u ewenasor-iedseiescha at rmie o uasof the mochanisms of cshogenbs. We have postulated a long-lived species. This paper addresses a variety of issues
that admechanisao of the maximum toWerated ae psnuln- relevant to these two types of extrapolation. We discuss why

crease mitogenesis which, in turn, increases rates of mu- standard rodent bioassays, as currently conducted, do not

tgenesis and, thus, carcinogenesis. The animal data we provide sufficient information to assess carcinogenic risk to

consistent with this mechanism, because about half of a humans at low doses. Such extrapolation should be based on
chemicals tested are indeed rodent carcinogens, and about knowledge of mechanisms of carcinogenesis and should
40% of the positives are not detectably mutagnic. Thus, at reflect the importac of mitogenesis. We have postulated
low doses where cell Idlling does not occur, the hazards to that chronic administration of chemicals at the MTD in-
humans of rodent carcinogens may be much lower then creases mitogenesis in cells that we not discarded which, in
commonly assumed. In ontrasta for high-dose exposures in turn, increases rams of mutagenesis and carcinogenesis.(1-3)
the worlplace, assessment of hazard requires comparatively Themfore at the low doses of most human exposures where
little extrapolation. Nevertheless, permitted workplace x- ell killing does not occur, the hazards to humans of rodent
posures are sometimes dose to the tunoder dos-fate in carcinogen may often be much lower than has commonly
animal tess. been asmed.

Regulatory policy to prevent human cancer has primarily Rests 6=o rodent bioassays arm often used to predict
ratures ceynthics anh emicalhetnicas tst porsitve in qualitatively whether a chemical is a potential human car-

rodent studie as expected from an undersanding of cilgen" Ideally, one would like to know the accuracy of

loico a defenses and the vast proporion of human prediction from ran or mice to humans, but because epi-

exposures ar to natural chemicals. Thus, human exposures demiologic data are usually lacking and experiments cannot
to rodent carcinoens ae common. The natural chemicals are be conducted in humans, this knowledge is not available. The
the contol to evaluate regulatry strategies, and the possible accuracy of prediction between the two closely related
hazards from syntheft chemicals should be compared to the species, ran and mice is examined below. These data reflect
possible hazards from natural chemicals. results obtained under similar experimental conditions, in-

Qualitative extrapolation of the carcinogenic response cluding administraion of estimated MTDs and laboratory
between species has bee Investigated by comparkn two dim fed ad Iibim Thus, qualitative prediction from one
closely related species: rats and mice. Overall predictive rodent species to another (ie., prediction of positivity and
values provide moderate confidence In interspecle sx- prediction of target organ) car be examind without simul-
trapolation; however, knowkg that a chemical Is positive at neously havinll to address the issme of high to low dose
any site In one species gives only about a 50% chance •tot extrapolation.r"" One would expect that the qualitative
will be positive at the amin the othe species, prediction of positivity and target organ from rats to mice

Swould likely be much betrte than prediction from rat or mice
to humans. The quantitative prediction from high dose in ro-

Cumnt straegies to prevent human canr use chronic dam to low dome in humans is much mor uncertain.

5.
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bantamve t to Low Dom able about don,-response fromn experiment with only two
frfom BloaIaiys Conducted at High Does dam and a control. Even at the two high doses tested (MTD

and 1/2 MMD), it is difficult to interpret the shape of the
for Risk of C , a B y di seamyatae with iedar apoina. Areent study=)
or Risk Estiman tested for consistency of the dos-response with three dif-

Several recent analyses indicate tha measures of cam- ferent curves: linear, square-root, and quadratic. Results of
cinogenic potency estimated from standard rodent biouasays biassays from the National Cancer InstitutelNational Toxi-
am restricted to a narrow range about the maximwm dose cology Program (NCJ/NTP) indicate that two-thirds of the
tested for each chemical(6-9) This narrow range contrasts curves we conrlstent with all three models, and 83% are
with the 10 million-fold range in the test doses (MTDs) of consistent with at leas two models. More of the best fits are
different chemicals. In our comnprehensive, standardized consistent with a quadratic model than either a linear or
database of chronic, long-term biosasays, the Carcinogenic square-root model An additional complication is the finding
Potency Database (CPDB), we use TDso based on the one-hit that the best fit curves for more than half the chemicals are
model as the measure of potency (i.e., the tumorigenic dose not the same for different sex-species groups or diferent
rate for 50% of the animals at the end of a standard target organs within a single experiment. This variation in
ipan).(10"5 One reason for choosing the TDso was that curves for the sa-e chemical was also discussed earlier.(6"16)
the concept is easily understood, particularly by analogy to The good correlation in carcinogenic potency between
the widely reported LDs& Importantly, the TDso is often rats and mice at the high doses tested has been interpreted as
within the range of doses tested; thus, the experimental results a justification for quantitative extrapolation from rodents to
do not have to be extrapolated far to estimate TDs0. The humans. However, the MTDs of rats and mice for different
statistical methods used to estimate TDso do not matter great- chemicals are also very highly correlated; as previously
ly. There is substantial agreement between TDso estimated stated, they span a 10-million-fold range across chemicals,
by lifetable and summary analyses.( 16) Additionally, among whereas the potency for a given chemical is constrained to a
chemicals that are positive in more than one test in a species, narrow range about the MTD.(6) These facts inply statistical-
the single, most potent Tlso value from among all positive ly that the potencies of chemicais positive in rats and mice
tests in the species is, with few exceptions, similar to other will be highly cotrelated. Thus, the study of potency correla-
measures that average TDso values (harmonic mean, geo- bons between rats and mice does not shed much light on the
metric mean, or arithmetic mean).(1T) issue of quantitative prediction between species. The biologi-

Several years ago, we showed that the potency (Dso) cal basis for these correlations lies, in prt, in the high cor-
calculated from bioassays. a currently conducted, is con- relation in the MTDs of the two species and, in peart, in the
strained to be within a narrow range (-32-fold) about the experimental finding that it is uncommon to observe either a
maximum dose tested (in the absence of 100% tumors in all plateau in the dose-response curve or a umnor incidence of
doed animals).(6) Several papers that appeared later all con- 100% in experiments conducted using the standard bioassay
finned this mstriction."•' Recently, Krewski, et aL(P) design. These results are consistent with the hypothesis that
showed that across chemicals, regardless of whether one uses mitogenesis induced by the near toxic doses administered is
the one-stage, multistage, orWeibull model to estimate TDS, important in the carcinogenic response. The limitations of
the correlation between the MTD and carcinogenic potency bioasay data for use in risk estimation underscore the impor-
is greater than 0.9. Thus, potency estimates are constrained tance of understanding mechanisms of carcinogenesis.
to a limited range when one knows the MiD. Several r1eent analyses have shown that quantitative risk

TDso does not provide information about low-done ex- asemetms as currently conducted by regulatory agencies
posures. Thus, we have not attempted to my anything about are also constrained to a narrow range about the MTD. Using
the doses estimated to give tumors to one rat in a million. In data from the CPDB, Krewski et al.'"" have shown that the
contrast to Ts, vastly differem results would be obtained unit risk factor Qt* derived from the linearized, multistage
far such an uTdeakindqwping on what particular statis- model is restricted to a limited range about the MTD, that
tical model was fitaed.& ) Whereas TDso is close to the doses empirically the QI* values for different chemicals ae highly
mtsd, an estimate of the dose to give tumms to a maximumn correlated with the MTD, and that linear extrapolation from
of one animal in a million based on the linearized, multistage the TDso usually results in low-dose slope estimates that ar
model widely used for regulatory puos averages 380,000 similar to those based on the linearized, multistage model
times below the bioassay high dose. This normous twxi- Gayloro) estimated the risk specific dose (RSD) correspond-
cological "leap in the dark" emphasizes the point that car- ing to a maximum risk of one cance in a million bsed on the
cinogmss biassays were not designed to determine mutistagemodelandfoundthatRSDaverages380,O000imes
oit-in-a-million risks. below the MTD md that 90% of the estimates ae within a

A huthet limitation of bioasy data for quantitative factor Of 10 of that number.
extraolaion to low dose is the minimal information avail- Thas am striking; findings with broad implications for
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risk assessment the dose usually estimated by regulatory would be expected if mitognesis is inmpa in the
agencies to give a maximum of one cancer in a million can cacnogenic respoe at the MTD.
be approximated merely by knowing the hMD, and a 4. About half of the naturat chemicals tsted chronically in
reasonable estimate of the Qt* can be made fron the TD3o rats and mice at the KID me posive, and the natural
values in our published CPDB. Proposals based on these worldofchemnicals makes up the vast proportion ofchemi-
flndinp have been made to facilitate the regulatory process. cabs to which humans ae exposed. Thus, human exposures
Although these proposals address the question of facilitating to rodent carcinogens (as defined by testing at the MTD)
regulation as it is currently done, they do not resolve the are likely to be common.
fundmnretal question of the vast biological uncertainties i 5. The toxicology of synthetic and natural toxins is not
extrapolating 380,000 times below the bioassay dose. Rather, fundamentally differenm
they assume that Ihe current methodology should be ap-
proximated. Together, these five points indicate that cancer-preven-

GayioPs) has proposed dividing the MMD by 400,000 to tion sategies aimed at chemical carcinogens as potential
etate the vrtualy safe dose; thin, if the intended human causes of human cancer need to take a broad overview of
exposure toachemical is greaterthan the lowest virtually safe chemical exposures to put possible hazards into perspective
dose, the chemical canno be accepted as safe. If the intended mad to focus on those exposures that rank highest in possible
hunan exposure is below the lowest virtually safe dose, then hazard. I there is an enormous natural background of "poten-
conducting a bioassay may not be necessary because the dial human carcinogem" as defined by rodent tests, then
predicted maximum risk will be below one in a million at the smaller exposures to synthetic chemicals are not likey to be
intended exposure level.() Rulis(24) proposed a threshold of significant causes of human cancer. Ames et al. X' have
regulation for safety assessment of packaging materials based recently shown, for example, that even though only 52 of the
on the distribution of TDso values in the CPDB. This requires 000 or morm naturally-occurring plant pesticides in our diet
assuming that a substance is no more toxic than the most have been tested, the 27 that are rodent carcinogens are
potent chemical carcinogen and inferring a theoretical upper present in many common foods and at concentrations that are
bound on potency below which risks would be trivial. The commonly thousands of times higher than the concentrations
California Department of Health Services has proposed that ofsynthetic pesticide residues. It is probable that almost every
regulations for Proposition 65 be expedited by using the fruit and vegetable in the supermarket contain plant pesticides
adjusted TDso values for those chemicals that do not yet have that are rodent carcinogens. A chemical pollutant should not
a Qi* from either their agency or the US. Environmental be a high priority for concern with respect to carcinogenicity
Proection Agency (EPA). Zeise2- has shown that potency if its possible hazard seems far below that of many common
estimates derived from TDso are reasonable estimates of food items.(2) This is not to say that these dietary exposures
potency values proposed for Proposition 65. ae necessarily of much relevance to human cancer, rather the

background of exposures to natural rodent carcinogens may
Rankdng Posble Cardnogenic Hazards cas doubt on the relevance of far lower levels of exposures

to synthetc rodent carcinogens.
Our approach has been to acknowledge the enormous Our ant king of possible carcinogenic hazards is based on

limitations and uncertainties in quantitative risk assessmentOrrnigo osbecrioei aad sbsdo
limiadtion agnd uertanintpossibles inaquantitvenric h sto a simple measure, Human Exposure/Rodent Potency
and to begin by ranking possible cacioeu hazards to (HiRP), that indicates what pencentage of the TDso in

humans from typical exposures for a wide variety of chemi- mg/kg/day a human gets from a daily lifetime exposure to a

cals.(26ý This ranking can help to set priorities when select- given chemical. We have also ranked possible carcinogenic

ingchemicals forchronic bioassay or mechanistic studies. for hazards in the workplace based on the Permitted Ex-

epidemiological research, and for regulatory policy. The cur- rd (PERP) index, using the Occupation-
ma reuatr process needs to take into account several psr~ dn oec PR)ulx sn h cuain

ten t we have previously dsscusst d in detail:c(u-3n2er29) al Safety and Health Administration (OSHA) Permissible
Exposure Limit (PEL) as a surrogate for estimates of ex-

1. An extrapolation from high to low doses should be b d Pou.(- The HERP or PERP index uses the same animal

on an understanding of the mechanisms of carcinogenesis. remults and similar statistical methods as the usual low-dose
linear estimation of risk; however, our purpose is to compare

2. Testing at the MD can frequently cause chronic cell possible carcinogenic hazards from a variety of naturally-.oc-
killing and consequent cell replacement, a risk factor for cutring and synthetic chemicals, not to perform risk assess-
cancer diat can be limited to high doses. Ignoring this ments. As more theory is developed and more evidence is
mntogereis effect can greatly exaggerate many low-don produced about the mechanisms of carcinogenesis, the rank-
risks. ing of hazards by the simple HERP index can be improved

3. About half of the chemicals tested at the MTD am positive, (as can risk amesment) by taking into account information
and about 40% of the positives ar not mutagenic. This on a given chemical, Le., mechanism shape of the dose--
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response curve, and mutagenicity. to be important, they might be bred our. for processed foods
Oranalysis of possible carcinogenic hazards suggests such as coffee, they might be extracted.

that the possible hazards of synthetic chemicals ingested from It is unlikely doat the high proportion of carcinogent in
peOcieresde rwlrpluinapa ob rva rodent studies is due simply to se~lection of suspicious chemni-

relative to dhe background of rodent carcinogens from natural cal structures: most chemicals were selected because of their
and traditional chemicals (e~g.. from the cooking of food or use as industrial compounds, pesticides, drugs, or food addi-
niature.s pesticides in plant foods). tives. Moreover, historically our knowledge to predict car-

For occupational exposures, there is a 100,000-fold cinogenicity has been inadequate.( 4 ) We have examined the
range in possible carcinogenic hazard for rodent carcinogens proportion of chemicals in the CPDB that are positive for ten
that have PEL.L(2 For several compounds, the permitted different dame sets, and in each case, roughly half of the
exposures to workers ame close to the TDso value in rodents chemicals we positive according to the published author's
indicating that these should be a high priority for regulatory opinion in at least one test (Fable 1): all chemicals in the
attention. For high occupationa~l exposures, little extrapola- CPDB, NCX/NWP chemicals, NC! chemicals reported before
tion is required from the doses used in rodent biosassays; 1979, literature other thant NC/NWP, chemicals tested in both
therefore, assumptions about extrapolation are less important., rats and mic (and among these, naitural chemicals only and
This contrasts with the large extrapolations required for the synthetic chemicals only), natural pesicides. mold toxins,
low dose of human exposures to pesticide residues or water and 22 chemicals in coffe(2-.~1 17 2" ~Even if there is some
pollution. selection bias these results indicate that we am likely to be

Only a tiny fraction of the chemicals to which humans living in a sea of rodent carcinogens as defined by testing at
am exposed wil ever be tested in rodent bioassays. One the MTD.
strategy for choosing chemicals to test is to prioritize chemi-
cals according to how they might rank in possible hazard if Mechanisms of Carcno genesis:
they were to be identified as rodent carcinogens. A useful first Mutagenesis, Mito genesis, and Cawinogenesis
approxiaion a tealogous rato Hua EposinelRo ThItd ftemcaimso acngnssi
dent Toxicity (HERT). HERT would use readily available Tesuyo h ehnsso acngnssi
LDso values rather than the TDso values used in HW. L. o rapidly developing field that can improve regulatory policy.
is related tothe MTh and the TDso.(30,3 1) and we have found Both DNA damage and mitogenesis we important aspects of
that the ranking of possible carcinogenic hazards by H~ltP rn-.nadi~ gete usatal a as
and HERT is sirmilar. 2 The number of people exposed is caincger. n nraig ihrsbtntal a as
als relevant when attempting to prioritize systematically Mutagens am often thought: to be only exogenous agents;
among chemicals. Chemicals with high HERT and popula- however, endogenous mutagens cams DNA damage (oxida-
tion exposure could then be investigated in more detail as to tive and other adducts) that can be converted to mutations
mutagenicity, mitogenicity, phannacokinetics, and the like, during cell division. Endogenous rates of DNA damage am
Natural and synthetic chemicals should both be ranked. If enormous. We estimate that the DNA hits per cell per day
natural chemicals in foods (e.g., chiorogenic acid in coffee. from endogenous; oxidants am normally W& in the rat and WO
psoralens in celety, or indole carbinol in broccoli) turnied out in the human. ( 36- This promnutagenic damage is effectively

TABLE LPVra - o. -hmcl Eaatd Crnoe A for Several Dafta Sts

1. Cheahlcal tasted in bolh rate and mic 2W479 (60%)
Ia. Nstwd. -cI~ngo diosmiadetsed m bc6trat and mice 56/101 (55%)
lb. Synll cheicralssmated i bothrate aidmice 23&= (61 %)

2L NCIANTP cem Wcals tessed bein - 1979 Sam 17 (51 %)
2a. NCIINF A escals tasted sarlo 1979 106/1 U (53%)

3. Chemicals tested in at Wesnt one species
Ua No"~a peadddee 2W57 (51 %)

3b. Mold Wdna 12=0 (80%)
3c. Chemicals in masted cols I OM (73%)

AA chemicalis duifsld -poalie f le *w ofs Watmoepublehd eapedme evaluated re-
I sesiene sld@ismthle compound Is- c11 gomnic.

c114% (2U41) we tested bV the Natioanl Cancer Inultfatddonal Toadaooc Progis. (NCWJTP
In both rats and mice.
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FIGURE 1. Mltogmeala iaemeanmoa~genesi& Milogensm (indued =0i division) isaumaor multiplier of uudog~aom
(orempaomce) DNA ihena lendinig 10 miMic. Me petay to ineacvwal" (1) both Capina aft receuwve hUnot sup-
P P M pas is .lh.. (two vatica 1Mau 'qe the pdr of clummosaoms carrying the pans). Ccli divaisin Wmese
mosmamusbeceue of the Molmsig DNA addocca - oomuteed to umanio- Iem dthy mm epased ( & 20); us-
dams owingIn DNA repllcielo (I &i 2a); eid toplicadng DNA is 1 vulnerabl to diumag (I & 2a). Misoic recodin-
usues (2a).ru conveniina (2b). end nandispumado. (2b) aft -m fzvqmLu ad the flat two gave ris to the sotame&u-
da. ou both Ikm~ma Iisi diawan dons Out aimapt ID dead with the complex Mtufional pathway to taro..

but not perfectly repaired. the normal steady-state level of just are not. in themselves, carcinogens is not credible on
8-hydroxydeoxyguanosine (I of about 20 known oxidative mechanistic grounds and is not correct on expermiental
DNA adducts) in a 2-year-old rat DNA has been measured as grounds."(lZ) Every classical "promoter" that has been
1/1 30,000 bases or about 90,000 per cell. 39) We have argue tested adeuatey (e~g., phenobarbital, catechol, TPA) is a
that this oxidative DNA damage is a major contributor to carcinogen The -very word "promoter confuses the issue
aging and to the defenratve disese associated with aging because mitogenesis may be caused by one dose of achemical
such as cancer. 0.3 Thus, any agent causing chronic mito- and not by alower dose. Dominant oncogenes and their clonal
genesis can be indirectly mutagenic (and consequently car- expansion by mitogenesis can cleally be involved in car-
cinogenic) because it increases the probability of converting cinogenesis. adding complexity, however, these mnechanism~s
endogenous DNA damage into mutations (Figure 1). Furthe- are still consistent with the view that mitogenesis is an inpor-
moml endogenous rates of DNA damag are so high that it tant factor in carcinogenesis. Nongenotoxic agents (e.g., sac-
may be difficult for exogenous mfutage to increase the total charn) can be carcinogens at high doses just by causing cell
DNA damage rate significantly by low doses that do not killing with chronic mnitogenesis and inflammation, and the
increase mitogenesis. dose-response would be expected to show a

Gmenetcists-have long known that cell division is critical threshold.(23'36 Epigenetic factors ame also involved in car-
for mutageneis Hf one accepts that mutagenesis is importan cinogeneuis. However, both mitogenesis (e-g.. through
for cuvinogeneuis. it follows that mitogenesis rates must be mitotic recombination) and DNA damage can cause loss of
imtportanrt. The inactivation of tumor suppressor gene is also 5-methylC or other epigenetic modification. (2 Chronic
known to be important in carcinogenesis, and recent evidence mitogenesis by itself can be a risk factor for cancer. theory
suggests that one of the functions of tumnor suppressor gene predicts it and the literature supports ItP(143 The 40% of
is to inhibit mrntogenesa.L( 41) When the tint copy of a tumior rodent carcinogens that are not detectable mutagens should
suppresso gene is mutated, the inactivation of the second be investigated to see if their carcinogenic effects at high
copy (loss of heteroxygosity) is more. likely to be caused by doses result from induction of mitogenesis, if so, then such
processes whose frequency is dependlent on cell divison rodent carcinogens would be unlikely tobe arisk atlow doses.
(mitotic -- obnain gene conversion, and nondisjwic- Genotoxic chemicals, because they hit DNA, are even
don) tha by an independent second mutation.'~ TherefIW ore more effective than nongenotoxic chemicals at causing cell
los of heferozygosity will be stimulated by increased mito. killing and cell replacement at high doses. Because genotoxic
geness. 1Ihm while the stimulation of nitogenesis increases chemicals also sot as mutagens, they can produce a multi-
the chance of every mutational step, it is a much more plicative inteacton not found at low doses leadin to an
important factor for ban=e indcton after the first mutation upward curving dose-response for carcinogenicity." 536
has occurred. This ex lains why mutagenesis and mitogene- MIoel si can often be the dominant factor in chemical
ala an synergistic (Aand why mitogenesis afte the first cacngnssat the high, nearly toxic dose used in rodent
imutation isnmor effiective than before. biomasays, even for mutagens. Mfitogenesis can be caused by

Thinking of chemicals as "initiators" or "promoters" toxicity of chemnicals at high dose (cell killing and subsequent
canflses, mechanistic isus.kTh da that -promoters- elcmn) by interferenc with cell-CeCU Communication



64 Chwmkial Risk AMensamrit

at high dos(e47) by substances such as hormones binding TABLE IL Campsrtm of Crcngenc IAupona
to receptors that control cell division.(4,) by oxidants (the for 479 Chemrkcal Tastod In Both RPat and MkMe
wound healing response), by viruses, and such.) The impm- Not pooiU in siw ram or mce 11

tant factor is not toxicity, but increased mitogenesis in those Pas" in ratm only
cells that are not discarded. Posive in mia only 64

The importance of chronic mitogenesis for many of the Posiee in both rab and mice, no common tW"sto 57
known causes of human cancer has been discussed (e.g., Posvm boM rs and mice at sane ta s•i•oeof 1 0 9A

hormones in breast cancer, hepatitis B34 or C viruses or AFor 47 of WIhe 106 cMTkhK e WEe is Uo only ift in corn
alcohol in liver cancer;, high salt or Helicobacter (Cam- man bemwen rats and nic.
pylobater) infection in stomach cancer, papilloma virus in
cervical cancer; asbestos or tobacco smoke in lung cancer; Using results in the CPDB for the 479 chemicals that
and excess animal fat and low calcium in colon can- have been tested in both ram and mice, Table 1 indicates that
cer).(2'43.4) For chemical carcnogens associated with cc- ifaciemical is positive inone of the species, it will be positive
cupetional cancer, worker exposure histoically was often at in the other species about 75% of the time. This is similar to
high doses that might be expected to induce mitogenesis. raks e pted earlier for smaller numbers of chemi-

In animal cancer tests, chronic dosing at the MMr may CaI.(4-IT-54) Because about half of the test chemicals are
often be the equivalent of chronic wounding, which is known positive in each species, by chance alone we would expect a

both to increase carcinogenesis in animals and to be a risk positive predictive value between species of about 5 .( )

factor for cancer in huma(49) In the a exr t Thus, the overall predictive values of 75% between rats and

design of dosing at the MTD and 1/2 MTD, both dose levels mice provide only moderate confidence in interspecies ex-
are high and may result in mitogenesis. Even atthese two high trapolation. We have also compared results for the limited
doses, we have found that 44% of the positive sites in NTP number of compounds tested in hamsters and rats or hamnster
bioasays are statistically significant at die MTM but not at and mice. Prediction from rats to hamsters or from mice to
1/2 the MMD (among 365 positive sites). It is clear that the hamsters (about 65%) is similar to, but slightly less accurate
mechanisms of action for all rodent carcinogens an not the thanu prediction between rats and mice.
same and that one cannot use a simple, lineauized, risk assess- We have discussed three factors that influence the ac-
ment model for all of them. For some chemicals, ther is curacy of prediction of carcinogenicity between rats and
evidence to support mitogenesis effects unique to high doses mice. Predictive values are more accurate for mutagens than
(e.g.. formaldehyde, melamine, and saccharin). For others nonmutagens and for chemicals that are toxic at lower doses
(e.g.. butadiene), carcinogenic effects have been found 100 compared to higher doses (as measured by the NiM ). The
tdmes below the WMl . Furtherstudiesof mechanism inrodent accuracy of prediction also varies by chemical class.(')
bioasays should help to clarify such differences. Adding
routine measurements of mitogenesis to the 13-week toxicol- Prediction of Target Site
ogy study and the 2-year bioassay would provide information If a chemical is positive in one species, how often will it
that would improve dose setting, interpretation ofexpenmen- be positive in the other species and at the same target site?
tal results, and risk assessment. The work of Cunningham et Because many chemicals induce tumors at multiple sires,

is a example of how mechanism studies help sit that is potentially a
to differentiate aniorig chemicals. Thewr experiments showed cc -1.stfothtwspiehuinranghehne
that with pair of nutagenic isomers (1- verus 2-nitro- codimmn site for the two species, thus incresing the chance
pr h P. and 2,A- vetus 2.6- diaminotoluene), one isomer is th these will be somec target site in common.
a carinogen aid the other is not; however, only the Site-specific prediction betweenras and mice is less
"- inogen was mitogenic. smur than overall prediction of positivity. Knowing that a

chemical is positive mt-any site in one species gives about a

alktwns Sped 50% chance that it will be positive at the same site in the other
species (Table II). For 47 of the 108 chemicals with a site in

Prodtio of Po ty common between rats and mice, the liver is the only site in
common Site-specific prediction from rats or mice to

How well can one predict carcinogenicity fron rats to hamsters is simila to that between rats and mice.
mice or from mice to rats? These closely related species both Ultimately, one wao to know whether chemicals that
receive doses at or near the MID in chronic biousays. have bee shown to be carinogenic in experimental animals
Becamue humans ar less closiely relatd to rodens, qualira- an ao cacinogeni in humans. This question cannot be
tiye prediction from results in rats or mice to humans exposed wwswred by revering the question (i.e.. by asking whether
at high doses is nct likely to be more accume than prediction chemicals tha an human carcinogens ar also carcinogeni
between ram and mice. in a roet species) becaus even if most human caos
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Conservatism in Carcinogen Risk Assessments?

John C. Bailar, MI
McGiUl University Faculty of Medicine, 1020 Pine Avenue West, Montreal, Quebec H3A IA2, Canada

Thefollowing is he abswacofthepresenation byMr. Bailar. is compatible with an overall result that is far from conserva-
His paper as ark available for publication at this time. ie

Third, when the data as a whole are deemed to be
Present methods of assessing the human health risks of compatible with a supralineer model (not just a matter of

carcnogens at low exposure lovels are likely, on the whole, to showing that a lnear or one-hit model fails to fit), one generally
1e -DWI those risks. In this context, 'low . m has no way to estimate where the curve ts to *flatten our

lvels" means exposures where the assessed risks am 10-6 and hence no way to derive an upper bound on risk at much
or lower. The process at risk asssment in this range is widely lower leves. This situation seems to be quite common: A linear

, especially by Its prationers, to be subject to modelfittedtoonehigh-dosepoioreve two•fthereissome
much uncertainty, often orders of magnitude. Neither sup- evidence of flattening at the upper end, is compatible with very
porters nor critics have a 'gold standard to asses th peor- large isks at lower doses even if those risks are sublinear
mance of vaeous se in the process. There are several because an upper bound in that range cannot be calculated.
stong reasons, however, for believing that risks overal may Fourth, we do have a human health problem. Cancer

wedl be greatr than estimated. ~~~bweil, b e Wes er ath estmatedx luil ilgcmcai incidence rates are known to be rising everywhere that ade-
First, ther wre at leas six plausible biologic mechanisms qaesienooi aaeit acrdahrtsa ke

Oth produce supralinear de-spn. E f quate epidemioloi data exist; cancer death rates at older
theoe ha been shown in practie to be important at higher risk age are si even when lung cancer is excluded from the
leieis In some risk a, and none ha been ruled out data, and geographic differences in risk cannot be explained
as being of broad importance. In fact, data from the National by inherent differences in susceptibility. A high proportion of
Toidcology Program show that underestimates with the one-hit persons now get at least one cancer at some time durng their
model aew almost as common as overestimates. lives, and something extemal is causing most of them (per-

Second, uncertainty in risk asesment is commonly ex- haps 85%) or we would not find such large variations in risk
pressed on geometric (logarithmic) scale, such as within an over space and Vime.
order of magnitude,- but what matters for the protection of Recent arguments that risk assessment methods on the
human health is risk on a linear scale. For example, the whole overestimate hazards to human health are not and will
conequences of underestimating risk by a factor of 10 or 10 not become credible unless they can be revised to respond to
we 9 or 99 times greater than the consequences of similar the concers expressed above. On the basis of current evi-
overestl•naion. Thus, an argument that overestimation is dence, it is more likely that standard methods underestimate
more common,evn (contrary to evidence) by a wide margin, risk, despite some recent and well-pubiczed exceptions.
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Uncertainties in Risk Assessment

Dale Ha= an John Frome
AC~nter for Enviroment, Tiechnology and Developrnent Clark Universty, Worcester a sauets
3 School of Public Health, Universit of Caliornia at Lom Angles, Los Angeles, Californfia

Curentrik asesmet pacice lagey rflet heoee tion of the imperfection in knowledge about something that
for a consistent set of relatively rapid, firs-cut proceduires to is conceived of as having same "true" single value in some
maan -plausible upper limts' of variOus risks. Mwese prac iccessible reality. "Uncertainty analysis" must be distin-

Waos have important roles to play in 1) screening candidate guhe from another concept that is also described with the
hazards for Initial atention and 2) d&ecting attention to cases aid of prbbf ditiuos Eltgeneity' or"ntrn

tohe warrntedOIntheabene to f furthoer x trum (arid~ dividuial, variability" is the distribution of true values of a
exesie dat gtheriga absnceyis Ff fute emen- P prmter that would be found in a population by perferctly

A problem with the currn practices, hoevr is that da accurate nmesurement techniques. For example, weighing a
have led assessors to do a generally pocw job of analyzing and set of individuals with an excellent scale wUil not obtain the
expressin uncertanties, fosteringOne-Number Diseame(In sume results for different people. People really do differ in
which eve~ythg from ones asocial policy position on risk their weights (and other characteristics that affect individual
acceptance to ones9 technical Judgment on the likelihood of risks) and no degree of improvement in the measuring instru-
different cancer dose-response relationships is rolled into a ment will make them all tie same. The difficulties of knowing
single quantity). At least for analyses that inlvolve relatively th degre of interinidividual. variability in susceptibility to
important decisions for sociset (both relatlv*l large potential toxicants insa population is one factor that contributes to
hiealth risks and relatively large potential economic costs or unrtniein esngissptclayfonoacr
other disruptions), we can and should at least go one further efcLl nassigrsspriuai o ocn
step - and that Is to asess and convey both a central
tendency estimate of exposure and risk as wel as our more First, some policy questions related to uncertainty
conventional 'conservatve" upper-confldence-limit values. analysis will be discussed, iAe, what is it potentially good for.

To accomplish this, morex sophisticated efforts are and why is this such a touchy subject? This wHil be followed
neededl to appropriately represent the likely effects of various by some historical speculations on why many of those who
sources of uncertainty along the casual chain from the release were brought up in the 1940s to the 1960s and received
of toxicants to the production of adverse efkfets When the technical training in the 1960s through the 1980s find the
effects of individual sources of uncertainty are assesse (and prospect of quantitatively asessing uncertainties foreign and
any imlportant interactions included), Monte Carlo simulation troubling. An extended example will be offered which ad-
p~trocdue can be used to produce an overall analysis of drsethucraiisinapcialikasssnto-
uncertainties and to highlight areas where uncertainties might drsethunraiisinapcialikassmnto-
be appreciably re by further stdy Beyon d infrae- text; the example compares potential carcinogenic risks of
tion yielded by such analyss for decision-makcing In a few drniking wate from two~ sourcs: an "Advaniced Water Treat-
inportant cam, the value of doing severa exemplary ris mewt" system developed for the City of San Diego and a
assessmnents in Othi way is ftht a se t o benchmarks can be particular reservoir supplied from the Colorado River. Final-
defned that will help calibrate the assumrptions used in the ly. some general caveats and warning are offered about the
large number of risk assessments that must be done by "brave new world of wenhnced analysis of uncertainties in
defaaprocedurs. risk analysis.

kitoductlan Unsrteintfy Analyals: Policy --- lertin

TO communicate with some degree of clarity on fth A goo analysis of uncertainties serves policy goals of
subject of uncertainty, it is necessary to offer, some basic 1) *bounding the set of not clearly incorrect answers."2 and
definitions sixd distinctions from related concepts. In this 2) allowing the reader of a set of risk assessment results to
pap11. "uncertainty analysis" means an attmp to fairy Ws 'makel as informed a decision on risk acceptanc or control
WIN uvl convey how likely it is that the estimated value of a as if the reader him~nvbelf had gone through the process of
particular pwaraneter differs by various amontsl from the doing the risk assessment."(3 An appropiate analysis of
"math. A description of uncertainty. thdereoe is a deacrp- unceertaintiea brings into the open the expected consequences
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of standard sumnary treatments of uncertainties in different know that people am showing up horribly mutilated amd
factors affecting risk, thus allowing greater scope in making smelling of formic acid there is also a strange print cast from
risk control choices from among options that are expected to the desert sand nwar one of the victims that no one is able to
limit risk to various extents with different degrees of con- identify. Sending the printto Washington brings, on the return
fidence. flight, the stereotypical absent-minded professor who, with

The particular form of expression of uncertain results his lovely daughter (also a Ph.D.), proceeds to investigate.
that is most relevant for policy-making depends on the legis- The father and daughter team assemble information but sham
lative mandate of a particular program or type of decision, absolutely nothing with the local police and the FBI agent
Changing the form for expressing uncertainty for specific who had called for help in the first place. The reason for their
regulatory purposes requires careful examination of whether behavior is quickly explained. They do, indeed, have a theory.
one is changing the protective posture of the agency in They are, in fact, specialists on ants, and formic acid stings
implementing the intent of the law in question. Legislation are evidently the way ants kilL However, they are duty-bound
that calls on an agency to "protect public health with an as scientists not to share their theory until they are certain.
adequate margin of safety" may well be interpreted as direct- even though giant, man-killing ants may be multiplying in the
ing the agency to pay attention to the level of risk that, in the desert. Why? Because it might cause panic. One might think
judgment of agency analysts, will not be exceeded with that at least some limited contingency planning might be done
relatively high confidence (99% or possibly more); in con- on the basis of tentative information, but apparently this was
trast, a statute calling for a cost/benefit balancing may well not the prescription for scientific behavior in the early 1950s.
be interpreted as requiring the agency to pay attention to the In the 1990s, of course, we are expected to deal with
mean "expected values" of the distributions of the estimates hazards that am a great deal more subtle, with information
of risk and economic costs. that is less complete than was available in the movie about

Ideally, an analysis of uncertainty is not an afterthought the giant ants. By today's standard of conduct, the two scien-
that one gets from the statistician after the rest of the work on tists in the movie should have said, "Incredible as it seems,
a risk assessment has been completed. It should really be part there is a good chance that somehow a colony of giant ants
of the "warp" and "woof" of each step in the analytical process has developed out there in the desert" Perhaps they would
that carries some uncertainty (i.e., everything but the arith- even state, "Based on the way that print looks and the cir-
metic and sometimes the arithmetic, too). Thus, among the cumatance of the formic acid. we think there may be an 80%
reasons this subject is sensitive am 1) it matter to the sub- chance that there are giant ants out there. What the other 20%
stantive protective posture for managing risks and 2) it has possibility might be, we can't guess, but we give the ant
the potential to change the way a substantial number of possibility about 0.8."
technical analysts do their jobs. On pain of usurping the autonomy of the civil authorities

to exercise their authority in representing community
Historical Attitudes Toward Unefrtaintie value/policy preferences, the scientist is called upon to dis-
In Scientific Infomalion close information of potential social significance while it is

still somewhat uncertain. Hopefully, this is done with as much
Many scientists involved in risk issues have some reluc- attendant communication about the alternative possible states

tance to attempt to quantify their uncertainties; this may of the world, and the implications of these alternatives, as
derive from the cultural assumptions about science that would be helpful in the decision-making process. The scien-
prevailed when they were growing up and making the lifetime tist must not arrogate the sole authority to make the relevant
commitment to become scientists. Recent changes in these decisions. By withholding information on possible states of
cultural assumptions ae a likely source of a feeling among the world with potential implications for decision-making.
scientists that the understandings under which they chose the scientist would be doing just that.
science as a career have been altered, and not for the better.

One popular scientific attitude toward uncertainties A Praclcal Example of Uncertainty Analysis
present in the 1950., when many of today's scientists were Over the past few years, John Fromines and others at
children, is typified by detective Joe Friday's saying, "Just the UCLA have been measuring the concentrations of a number
facts, ma'm, nothing but the facts." Joe Friday was not a of contaminants in two potential sources of drinking water for
scientist, of course, but we do not recall Mr. Wizard being oth City of San Diego:
uncertain about anything either. A favorite example, how- The Mity of San Diego:
ever, is from aclassic early 1950s science fiction movie called * The Miramar reservoir (MIRA), which contained
THFM in which gin ants have been produced a the result chlorinated water derived frow the Colorado River.
of mutations of ordinary am following exposum to radiation • The output of an advanced water treatment (AWT)
from dte atomic bomb esting. This fact is not known atthe dom that recycles sewage.
beginningn of courm. The local police and the FBI man only We considered the different souces of uncertainty in our
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analysis: levels were not sufficient for reliable detection of arsenic in

"* Uncertainty as to which pollutants are actually AWT water. Thus, the way we analyzed and presented uncer-

present in the two water sources, after taking into tainties was affected by the type of intended risk comparison.

account the measurement difficulties encountered in
the study and the sensitivity with which differet Representing Uncertainties in the Concentrations

chemicals can be reliably detected. of Pollutants in the Waters

"* Uncertainty in the long-term average amounts of In many cases, the long-term average values of the travel
each carcinogenic pollutant present. blanks were similar in order of magnitude to the long-term

"* Uncertainty in the potency of each carcinogenic pol- average values of the AWT and/or MIRA water samples.

lutant for producing cancer in humans, i.e., how Because of this, the best expected value for the long-term

many cases of cancer should be expected per unit of average concentrations had to be arrived at by subtracting the

lifetime average consumption? blank averages from the sample averages. When subtracting

The combined effects of uncertainties of the latter two typs two numbers of roughly equal size, the resulting uncertainty

for all studied contaminants were calculated with the aid of a is likely to be best described by a normal distribution. There-

Monte Carlo simulation. fore, our basic representation of uncertainties in the con-

In a Monte Carlo simulation, the combined effects of centration values was a normal distribution with a standard

different sources of uncertainty are assessed by randomly deviation calculated from the standard deviations of the

drawing values from distributions intended to represent dif- blanks and the sample means.

ferent uncertain parameters that affect risk. For example, This needed to be modified somewhat because it made

imagine that we are uncertain about both the concentration of no sense to allow the distribution of concentrations to take on

a pollutant in water and the number of cases that might result negative values. Therefore, in the course of the Monte Carlo

per unit concentration (the carcinogenic potency). For each simulations, wherever a negative value would otherwise be

"trial" of a Monte Carlo simulation, a value is randomly selected from the normal distribution, we instructed the com-

selected from 1) a statistical distribution that represents our purer to substitute zero.

uncertainty in concentration and 2) another statistical dis-
tribution thatrepresents our uncertainty in thecancerpotency. Representing Uncertainties in the Carcinogenic
Together with an assumption about the amount of water Potency of Different Carcinogens

consumed per day or per lifetime, this leads to a prediction of In work previously conducted for the National Institute
the cancer risk from that chemical for that trial. By repeating for Occupational Safety and Health, we performed a series of
this procedure for hundreds or thousands of trials, one obtains three case studies (perchloroethylene, ethylene oxide, and
a picture of how likely it is that the cancer risk from each butadiene) incorporating pharmacokinetic modeling of the
chemical might take on various values. Calculations of over- delivered doses of putative, genetically acting agents or
all risk from multiple chemicals are added within each trial, genetically active metabolites to improve the assessment of

We chose not to include in our first-cut analysis one other likely low-dose carcinogenic risks.(4L7) One of the innovative
uncertain parameter that directly bears upon the risk: the aspects of these studies was attempts to make "best" (or "least
amount of water that people consume. All calculations were unlikely") estimates of risk in addition to more usual
for the risk expected if exposed people consumed a standard "plausible upper limit" estimates. Table I summarizes the
2 L of water per day for their entire lifetimes. basic approaches used to arrive at these different estimates of

risk. Table II shows the basic comparison of the results of
Which Pollutant Are Actually Present? these more elaborate analyses to the results of more standard,

For the most paM, the contaminants that were considered upper-confidence-limit-only risk assessments by the U.S.
to be present in each water system were those that were Environmental Protection Agency's (EPA) Carcinogen As-
reliably detected utilizing a criterion based on the standard sessment Group.
ero of the difference between the long-term average con- As might have been expected, the estimates of the most
centration in the sampled water and aset of concurent "travel likely values of the carcinogenic risk were considerably
blanks." In our final analysis, we chose to depart from this below the plausible upper limit values, although the upper
procedure in one case. Arsenic, as it happens, dominates the confidence limit estimates of cancer potency were similar
overall riak for the MIRA wter. In order to avoid overstating between our studies and those of EPA (Table II). The sum-
the difference in risk that the data could really show betwee nmay analysis in Table mI indicates that. on average, the "least
MIRA and AWT water, we chose to retain arsenic in the unlikely" estimates of cancer risk in these studies were about
AWT calculations. This allowed us to illustrate the level of 7% of the "plausible upper limit" risk estimates. The lower
risk that minht be possible form AWT watr if arsenic were, portion of Table III shows how we reasoned further from this
in fact, present at the levels indicated, even though those difference to obtain a likely distibution of canc potency
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estimates dta we could use for Monte Carlo simulation meters is the same as adding their logarithms and 2) by the
analysis. "central limit theorem" of probability and statistics, the un-

We began with a basic decision to treat our uncertainties certainty in the sum of a large series of uncertain parameters
in this parameter as lognormally distributed; i.e.. the log- takes on the standard "normal" or "Gaussian" form.
auithms of the distribution of likely cancer potency values are Given the choice of the lognonnal form, we needed to
normally distributed, as is illustrated in Figure 1. This was determine how likely it was that the true cancer potency for
because in our judgement the differen sources of likely error a given chemical was equal to or above the EPA "plausible
tha contributed to ou uncertainties in carcingendc risk for upper bound" cancer potency factor. It is important to under-
individual chemicals (e.g., the relative amounts of absorption stand that the EPA values, although calculated with "conser-
of toxicants in people and rodents; relative rates of elimina- vative" assumptions that are expected to overstate risk most
tion from the body-, rates of metabolic activation to toxic of the time, cannot be expected to always overstate risk.
metabolites; and inacivation to safe metabolites, cell replica-
don, and DNA repair rates in animals and humans) all will s For example, EPA routinely uses the most sensitivetend to exert relatively independent, multiplic ative effect on species tested for estimating human risk; however,
the level of likely hiumn risk reatnive mtithe risk on in general, where only two other species are testeddirtly from animal experimenlt (which a rs th of (rats and mice), there is nothing to prevent humans
dietl fom anierpoerny iates) the soeure of from being more sensitive than the more sensitive ofmsofthe cance potency estimates). The consequence Of th tw odns at least for somec modest proportion
multiplying together a series of uncertain parameters is that of all carcinogens.
the resulting overall uncertainty will tend to be lognormal.
This is becue 1) multiplying a series of uncertain part- * Standard risk assessment procedures that do not use
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eopseas tI ppnio hmowua., 5 dayslwek f 46 yars)

(teMa UnMaly) upper unit
Chemld Eulm"e Estima"W

El ere adds 0.000 0.010
Oukdlene 7.0E4 0.03
fteldgrae lum L.7-4 0.013

Resite umo Morn Umiel EPACAO Ris Analyses Sum m eNWl DAL
ENIVe am"d Not dMoe 0

iwwde Netdow 0.0S5
Perdhaodeyliene No lone 0.00W3

&iI~,abestelm- Me ielemW aIMa4 films dik of.104 waoimlcuadrmd Sum two obsevedmurnmi led nde i1 •hoe etel (135~) idc. TN. il a cued imudey emis beomuse
noa~e sue •- is N i_ possun was umed in osepselol•



NWatti and Froinms 73

TABLE . UnIeere In Carcnogenic Risk Eathatee for Genetlauy Actng Awent as W aIrretm
Thnm CaMs Studies of PSPKAB.a..d Risk Aalysm

Harris Haftis Bom Hattie saw
Hattie e"st "Plausible EPA UCe HaUis UCL EPA UCL

i E m-aW Upper UirF Ratio Ratio
Eriy~enid 0.0065 0.019 0o2 o.42 0o.2

uItmiSne 0.000M 0.032 9.0602 0.025 0.006
Peadlomee•wWO 0.00067 0.013 3.0VE03 0.062 0.203

Geom. Men 0.076 0.072
Geom. Sid. DOv. 3.M8 6.703
Go=m. SMd. Err. 2.188 2.966

Iweosia tie EPA ICL esinmte of risk approxnmamiy a o9 P lie vaku (1.6449 adard dvW onl U e
meadin), Wd If we Npesmt our unwelnies as bonrmdy dieibuted about a me"in estmate apprwdmany 0.072 *nms
fte EPA UtCL.n the eoed w utndrd dea@t of Ut. lognomt dstibuton roepmerin our ntermtAines is

APOW. p oogaly band maklnec md.
5uca. ,, &lpr nidusncr lit.
CCP ncer potency fotr.

pharmacokinetic analysis may understate risk if, as be in many specific parameters that can be expected
in the case of vinyl chloride, there is a saturation at to affect susceptibility, this would be expected to
high doses in the metabolic activation of the car- increase the population risks of humans exposed at
cinogen, leading to a plateau at high doses in the relatively low-dose levels relative to what would be
percentage of animals that develop tumors. If only expected for a completely uniform population of
the two highest dose points had been available for "median-susceptible" individuals.('9) This factor is
vinyl chloride (as would have been the case if the not included in EPA's calculations, but it can
vinyl chloride data available for risk analysis had routinely be expected to increase low-dose popula-
come solely from the usual National Toxicology tion risks to a diverse community of humans relative
Program for chronic animal bioassay), the low-dose to the risks of the relatively uniform groups of ro-
slope of the cancer dose-response relationship dents that are tested at high doses.
would probably have been underestimated by about In the light of these various possibilities, we chose to treat the
fivefold. EPA upper confidence limit (UCL) cancer potency estimates

If there ar appreciable differences among humans derved from animal data a the 95th percentile of our dis-
in overall individual susceptibility, as there seem to tribution of uncerainties in cancer potency. As listed at the

*aMK Unliely" Vahlu is abou 7%
Sof *A EPA CPF

I I4

g 5%aui d Kstmtuepmeacy is om
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Single Most Likely ("Lou Unlikely-) Value
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bottom of Table 111, becaus the 95th percentile of a normal sangle most likely value of the return fromt this wager is zero.
distribution is located about 1.64 standard deviationas above because there awe 9999 chances of losing and only 1 chance
the mean,. it follows that a lognormal distribution with a 95th of winning. However, the mean or expected value of the
percentile value located 1/0.0724 = 13.8 times above the wager is $10.00 ($100,000 - 1/10.000450 * 9,999110,000).
geometric meant must have a geometric standardi deviationt of Cavear the "utility" of the wager to a specific person could
about 4.93, or in other words, the standard deviation of the be greater or less than S$10.00, depending on the person's
logarithms of our distribution of potency values is the log of positive or negative enjoyment of the gamble itself, and
4.93, or about 0.693 1. whether $10,000 is worth exactly 10,000 times $ 1.00 in the

Figure 2, which is a replot of Figure 1 on a linear axis person's own psychic calculus of value
rather than a log axis, illustrates some important properties of Overall, as seen in Figure 2, the mean of the lognormal
a lognormtal distribution. It can be seen that the distribution distribution we have used as our best estimat of our uncer-
is skewed (is asymmetrical with a long tail) to the right. tainty in cance potencies is about 3.5 times greater than the
Because of the asymmetry, the single most likely value (or as most likeY value, or, in other terms, a little more than 25%
we prefer to term it, the "least unlikely" estimate) is not an of the origuinl EPA UCL Thus, if our spars set of three case
unbiased estimate of the average or mean value of the dis- studis is giving us an accurate picture of the general uncer-
tribution as a whole. U one were doing a classic cost-benefit tainty in cancer potency estimates. and if the other assump-
assessment of various options for control of exposure, it is the dons we have made hold, the best expected value of cancer
mean, rather than the mosat likely value, that is the most risk is only sbout fourfold less than the EPA UC... What is
relewuit pearunete for describing the "expected value" of the our uncertainty in the original 7.2% ratio dot was the result
health improvements that might be obtained fham the choice of our three cae studies, and how would differences in this
of one control optiont over another. The mean of the distribu- redo affect ourc coclusion that amean estimate of risk is only
don is the average of all the potency values, weighted by their fourfold less than the EPA UCL? Conceivably, other car-
relative probability of being true (at least as represented by cinogens (perhaps some that do not act by direc genetic
our lognormal assumption). This was completely missed in a mechanisms e~g., 2,3.7.8-tetawhlordibenzodioxin) would
recent, highly controversial critique of EPA risk assessment have larger diffrences between a best estimate of can=e risk
prectice by the Federal Office of Management and and the EPA UCL. Figure 3 shows the result of assuming a
Budg&e1') wide any of difIbunt ratio fbr the 7.2% best estimate from

The difference between the mean and the most likely our duse case studies, keeping all of the rest of the reasoning
value can be diuumed with agambling analogy. Imagine that I I I tuat. It can be somt surprisingly, that a am increases the
a pe@-oa ha the opportunity to participate insa lottery at a cost distance between the UC.. and the best estinmae of potency
of S1.00 with a 1110,00W canc of winnting Sl00M00 The much below about 6.7%, the redo of the meam to the UC..



Hattis and Frames 75

Z.. done using "Crystal Ball" simulation software (Version 1.04,
* Market Engineering Corporation, Denver, Colorado) for the
* Macintosh. Each rm consisted of 5000 individual trials,

L 2.0 a Shown in these tables are the median, the mean. and the 95th
apercentiles of the calculated risk distributions for each chemi-a calseparately, for some aggregates of different chemicals,

and for the total risk. The median is simply the middle value
of each distribution of 5000 values which, if our assumptions

1.0. M[amnmmat about A.06. ear correct, has a 50% chance of being either larger or smaller
I than the itue risk. The mean is the average of all 5000 values.

0 0.s Finally, the 95th percentile (the average of the 250th and the
251st highest of the 5000 values) is the level of risk which, if
we have represented all of the uncertainties appropriately, has

&.0 * only a 5% chance of being smaller than the true risk. (The
.001 .01 .1 1 small differences in specific quantities that should be

Ratio of MLE/EPA UCL CPF analogous in these two tables are due to statistical fluctuations

FIGURE 3. I w of do W PF rd an die 'expected vlu ) in the results obtained in separate runs of 5000 trials each.)
of a lopSianm dimibodon of cence mpcncy &aon (C.M Comparing the results in the two tables, it can be seen that the

assumption of, ncertainty in the arsenic potency has a sub-
starts to rise. This is because one necessarily increases the stantial influence both on the mean and high-percentile es-
estimat of the geometric standarddevnition, and below about timates of the risk and on the overall uncertainty of the risk
the 6.7% point in the curve, dte small but increasing results, i.e., the spread between the median and 95th percen-
likelihood of very large risks (far over the UCL) begins to tile risks.
outweigh the reduction of risk in the central/lower portion of These tables give a glimpse of what might be expected
the curve in the calculation of the overall mean. if the "brave new world" of expanded use of Monte Carlo

A final and difficult point of methodology comes when simulation for analysis of uncertainties ever arrives. One may
we consider the small number of carcinogens (e.g., arsenic, well ask how one discusses the risk management implications
benzene) whose cancer potency estimates ae based on of findings such as these. In presenting our work to the
human epidemiological data by EPA. rather than on animal sponsor, we offered the following interpretive conclusions:
dam. Because EPA estimates from human data are effectively
maximum likelihood estimates, in these cases, we must take "Overall, the risk analysis presented here gives some
the EPA cancer potency value itself as our best estimate of reason for concern for the long-term use of the MIRA
risk. In the first simulations, however, we have elected to (raw Colorado River) water supply, at least to the
retain the same estimate of overall uncertainty as we use for degree that the concentrations we measured in the

the animal data. This is partly because, although the human- reservoir samples accurately represent what is likely to

based estimates do not suffer from the difficulties and unto- be present in the finished water delivered to consumers.

tainties inherent in animal-to-human projections, they have The overall mean estimate of lifetime risk from 2 L/dX
their own peculiar difficulties (especially related to the ac- consumption is about 3 cancers per 10.000 people.

curacy of the assessment of past individual exposures, the About 98% to 99% of this risk is derived from the

healthy worker effect, the effects of truncation of the period presence of inorganic arsenic; trihalomethanes from

of observation following exposure, and the assessment of the chlorination represent the bulk of the remaining as-

interacting effects of potentially confounding exposures). sessed carcinogenic risk. (The concentration of arsenic

These difficulties may often cause complications and even in MIRA water is well within applicable federal and

downward biases tdt ae as serious as those produced in the state standards; however, at least at the state level, the

extrapolation of anima data. Because of the importnce of arsenic water standards are in the process of being

waenic (whose caner potency is based on human data) in our mealdued.)
overall analysis, this particularjudgment seriously influences "Our overall MIRA risk estimate is significantly
the risk esimates below. We,. therefore, also present below
the results of a series of Monte Carlo simulation runs in which
we assume tha them is n uncertainty about the EPA estimate AOW ito now mr MM of rk Imz because .a W. do mesue of

of dhe cancer risk from inorn ic e. rsk d owould 1pomid tm "ezps~wd vahu of risk. uwich mig& be
mmdimaca flims iyWMl& iswpulue~ofdssrikdoism ma(e4.g

Tables IV amdV give the Monte Carlo simulation results -- ,5ft praum•-i•-) would mW 0 ispmmam lr t •h peop es who Wish
with ad without the assumption of uncrtalin in the arsenic m mwb ,m vuLm w modms pi•babimem dm a@ mam fisk maus be

cincm potency value. The Monte Carlo simulations wer midmaelt Low d thme memm of the memrisk.
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dependent on an innovative procedure we used to as- to multiple routes of exposure from water (ecg.. dermal,
s5ip unceraites to cance Potenicy estimates from inhalation). and some other factors. Nevertheless, we feel dtha
both human data (e~g., arsenic) and animal projections, this level of analysis does offer somne improvemrents in dhe
as well as our analytical uncertainties in the average information provided to decision-makers for a modest incr-
amounts of contaminants present. Ufthe human-derived ment in analytical efforts.
arsenic cancer potency value is treated as a point es- Of course no analysis of the combined effects of multi-
timate - having no uncertainty - the estimate of the ple sources of uncertainties can be bette than the accuracy of
mean risk for the MIRA water falls to 0.9 cancers per the individual estimates of component uncertainties that are
10.000 people. (The mean risk estimate falls when fed into the simulation. Arriving at appropriate descriptions
uncertainty is removed from the calculation because of these component uncertainties is by no means a trivial task.
the uncertainty distribution is assumed to be highly In this regardf, we have previously offered(11 the tongue-
skewed (see Figure 2) with a mean that is considerably in-cheek "laws" of uncertainty/variability analysis that
large than the single most likely value.) Regardless of should inject a final note of the need for due skepticism here.
which of these estimates is deemed miost appropriate
for policy-making purposes by the City of San Diego, I1. Nearly all distributions look lognormal. as long as you do
the indicated risk is not negligible (under Caiifornua's not look too closely. (One is, therefore, well advised to
Proposition 65 standards. the criterion for a de minimis reason carefully about the likely causes of uncertainty or
risk is 0. 1 conservatively estimated cancers per 10,000 variability in specific parameters and whether this sug-
people), although it is not as large as die largest en- gests a particular distribution is appropriate.)
virornmental risks that have been identified to date (e~g., 2. Any estimate of the uncertainty of a parameter value will
lung cancer finm radon progeny in houses and from always itself be mome uncertain than the estimate of the
environmenta] tobacco smoke). parameter value. (For example, fluctuations in individual

"By contrast. the water that we sampled from the data points will generally have a greater influence on the
AWT system does not have enough arsenic to be reliab- estimate of a standard deviation than on the estimate of the
ly detected. Nevertheless, our risk calculations indicate mean of the parameter.)
that even if we make the assumption that arsenic is, in 3. 7be application of standard statistical techniques to a
fact. present at levels that, due to analytical insen- single data set will nearly always reveal only a trivial
sitivities, might be present, the AWT wate poses a proportion of the overall uncertainty in the parameter
mma nisk that is tenfold lower than the MIRA water. If value. (This is because systematic error among data sets is
we bas the risk assessment for the AWT water only on g y much larger than random error within data sets.)
those chemnicals that were --iliably detected, the indi-
cated mean estimate of lifetime risk is slightly less than Reformo
I cancer per I million pepl. 1. Hwis. D.; Silvi, K.: Kim..n lnmrindivuidua VorisAulity - A Mqcw

Sueof Uncertinaty in Assessing Risks for Noa*-Cuice Health Ef-
Conclusions and Caveat Ism. Pmsenad at th Air and Weasse Mamnagmen Assocaiack Aimini

M60049g. Pittsurgh. PA (is.e 1990).
The extended example above illustrates that it is possible 2. AehfoKd NA.: Omcnnew vs.A P iecsn Decision Making. Amn NY
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Use of Risk Assessment in Evaluating Remediation
of PCBs

Resha M. Putzrath, Ph.D., DABT
Organization Resources Counselors, Inc., 1910 Sunderland Place, NW, Washington, DC 20036

Risk assessment is often used to evaluate the need for, some of the individual isomers have been examined for more
and the potential effectiveness of, remediaion of chemical than their ability to bind to receptors or induce enzymes,(1-3)

cont iation. Estimating the potential esdual risk from many of the toxicity studies that form the basis for risk
polychlorinated biphenyls (PCl s) may Involve mom complex assessments of human health, including all of the human
issues than many other chemicals; the p of morn exposme and epidemiology studies, have evaluated mixtures
decision points in a risk assessment results In more potential of PCBs.
for variation among the analyses performed by different Differences in approach to the evaluation of mixtures of
people. For example, the toxicity of PCBs is known to vary with
composition, but methods for estimating the toxicity of twoe families of closely related chemicals by regulatory agencies.

complex mixturesfordifferenttoxicity endpointsarecontrover- specifically the U.S. Environmental Protection Agency
sial. Changes in composition of the mixture with time, medium, (EPA), will be more completely discussed in a separate
and pilce of exposure may also significantly alte the toxicity report. Briefly, EPA generally does not use composition of a
and concomitant risk. In addition, some of the more interesting particular PCB mixture to differentime the potential for that
potential routes of exposure (e.g., contact with contaminated mixture to cause adverse effects,(4) despite the known dif-
surfaces) may be estimated using a variety of models and ferences in toxicity of commercially purchased mix-
assumptions, resulting in substantially different assessments tam (M.6)
of exposure and risk. Although various complex factors should How much can this regulatory policy affect the estima-
be considered in the uk 8assessmenit~ siie models should ion of risk? Consider that for the individual isomers of a
also be used to estimate an upper bound on risk to ensure that simi1r group of closely related compounds. polyclorinated
a concatenation of conservative assumptions do not result in sim ioar goup h c arela t y o fpindividu. io mers
inpossible situations (e.g., predicting exposure to more PCBs dibenzo-p-doxins, the carcinogenicit of individual isomers
:y one or several routes than were available for the exposure is assumed to vary by over 10,000-fold, and some are con-

Ihat was estimated). sidered noncarcinogens for purposes of regulatory risk as-
sessmeML(7) The cost of a 10,000-fold more extensive re-

Inroduedon mediation would be enormous.

Documents on risk assesment techniques, guidance oWhat other options are available for evaluating toxicity
ado valum es fonris assumptins temnqumerus. Scidents ofamixture of PCBs? Where a commercial mixture has been

mauauls, and wdues for assumptions are numrnous. Scienlist tested for a particular toxic endpoint, those data could be used
rnvolved with risk assessment of certain chemicals, including for risk assessment of that (or a very similar) mixture. En-
polychlorinated biphenyls (PCBs), face an additional abun-
dance of references on the particular properties and concerns di1er si expy from commercial mixtures. In such cases,

of those chemicals. As it is impossible to cover all aspects of ticity f c mxby In with cae
riskassssmnt o PCs i an shot pper thi dicusion toxicity has often been estimated by comparison with the

risk assessmen of PCd s in any short paper, this discutsitO most similar commercial PCB. When a mixture is negative
warilfocus onB mixthreeissue: 1) d enes in the toxsityn of a (or untested) for a particular toxic endpoint, however, it
varfiousC mixture ~s 2anges afuncthn ofimplosition.of and should not necesarily be assumed that this mixture has the

icular mixture ofnPCBeass a function oftime, location, and same toxic properties as other mixtures. Data from several
rnedium and 3) necessity of "reality checks" on risk assess- mixtures and individual isomers clearly demonstrate that not
inents, especially involving PCBs, as illustrated by PCB-con- all PCBs am equally toxic for each endpoinL(I,2 ".'8) When an
taruniated surfaces. unsted mixture has some of the same isomers as a mixture

Toxicty of PCB Mitures dthat is positive for a particular endpoint, prudence may dictate
"anr estimation of what could be an adverse outcome of ex-

Evaluation of the toxicity of PCBs is complicated by the posure if the toxic properties of the untested mixtue were
historical prt= of testing PCBs as mixtures, primarily the similar to those of the tested mixmte. This assumption of
cnmnmercially available mixtums. Although in recent years ability to produce similar advere effects, however, must be
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clearly presented not only in die hazard identification step of Exposure to PCBs in groundwater modeled by Andrews
the risk assessment but also in all subsequent steps of the and Hathaway illustrates another consideration for risk as-
evaluation. Risk estimates from analyses that assume similar sements of PCBL Not only did they find that the PCB
toxic effects among mixtures of closely related chemicals mixtures were quite unlike commnercial mixtures when the
should be clearly differentiated from those that have primary PCBs reched the receptors, but for some conditions
data to be considered in the hazard evaluation step of their modeled, exposure would first occur centuries in the future.
risk assessment. Again, even when estimating the risk to a theoretical, maxi-

For some toxic endpoints, data are available to examine mally exposed individual (MED), it may not be appropriate to
the ability of predictive models based on mixture composi- combine some routes of exposure (e.g., current inhalation of
tion. EPAO) is currently examining a method based on volatilized PCBs and subsequent conact with contaminated
toxicity equivalence factors (TlEs) for estimating the com- groundwater). Moreover, if the less chlorinated isomers enter
parative potency of PCBs. As will be discussed in a separate the air for an extended period of time, would there still be
report, however, TER based on enzyme induction similar to sufficient dichlorobiphenyls to substantially contaminate
2.3,7,-tetrachlorodibenzo-pdoxin do not appear to cone- groundwater, or would significant exposure to PCBs via
late with one endpoint, i.e., crcinogenic potency. Methods groundwater be even more delayed because the majority of
for extrapolating information on the relative carcinogeic the dichlorobiphenyls entered the air? Even for shorter time
potency of commercial mixtures of PCB. for example, by periods, if the direction of groundwater flow and prevalent
percentage of chlorination, have also been considered.(6 wind direction are in opposite directions, it may not be
Such an approach has the advantage of directly incorporating realistic to combine these exposures for even the MEL The
the available data from cancer bioassays but the disadvantage need for an accurate accounting of the material present is the
of not including differences in isomer toxicity (as all equally focus of the example in the next section.
chlorinated isomers are assumed to be equivalently car-
cinogenic). PCBs on Surfaces: Mass Balance and Other

Realty Checks
Exposure to Mixtures of PCBs In the Environment Risk assess may become so involved with the comn-

If assessing the relative toxicity of commercial PCB plexities of their endeavor that they may fail to notice when

mixtures for all significant endpoints were sufficient to char- their calculations have exceeded a simple appraisal by corn-
scum the potential hazards from exposures to PCBs. the mon sense. Good environmental risk assessors, therefore,

task would be large but finite. In the environment, however, should examine the "forest" as well as the "trees."
the composition of PCBs changes with tineO' 0O1l thus Consider a risk assessment of PCB-contaminatL.. sur-
afecting the relative risk of the relevant exposure. In this faces. In general, two major exposure pathways are con-
discussion, two additional complications will be considered* sidered for this situation: dermal convact with contaminated
1) changes in the composition by route of exposure and 2) surfaces and inhalation of volatilized chemical. This example
decisions on which routes of exposure should be combined is instructive because it not only involves some of the issues
for a risk assessment of any (hypothetical) individual, in risk assessment of PCBs discussed above but also because

Consider, for example, PCB-conamninated soils. When it includes other assumptions of interest, since contact with
modeling volatilization of PCBs from the soil, the Henry's surfaces is a less well-studied exposure pathway. Only chemi-
Law constant or vapor pressure for each PCB mixture or cals such as PCBs that can persist on surfaces would be
isomer can be used to estimate release into the air. These considered for this exposure pathway, with the exception of
constants can vary by approximately 10-fold, with the less acute exposures.
chlorinated PCBs more likely to enter the air.(41'2) Similarly, A very conservative risk assessment might assume that
soil can act like a chromlatogrphy column for P mix- vaporization rates for all PCBs are as high as the most volatile
tures.( 3 ) Under the conditions modeled by Andrews and Component and that levels of PCB remaining in the surface
Hathaway, 13 ) the first PCBs (in •ths case, dichlorobiphenyls) material are as high as the most hydrophobic constituent. if
to reach the receptor through groundwater will be the less such assumptions am used and an extended duration (e.g., a
chlorinated. Dermal contact with, or ingestion of, the PCBs lifetime) is also assumed, the risk assessment thatresults from
that remain in the soil, therefore, must be to a comparatively the modeling exercise may not only assume that an imp-
higher chlorinated mixture. Thus, the relative potency of the propiate mixture of PCBs would be present for exposure by
PCB mixture by inhalation, contact with groidwater, w a given route (based on the physical-chemical properties of
contact with soil may differ. A risk assessment that simply different isomers of PCBs discussed above) but may also
sums the PCB exposure by all of Owe routes will not reveal mume expomn to more PCBs thar were available during
the potential differences in toxicity of PCB mixtues that vary the time of epXp
In composition by medium and roue of exposure. Such an outcome may originat from many assumptions.
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For example, some of the simpler fate-and-transport models TABLE UL Soae Aotvlty-Bmd EXPOUr
assume an infinite source of the contamination, whereas the Asaumptlona (The -k* Pad- Ef.ct)
actual source of contamination may be exhausted in less time Tpes of aciviss lWt result in Pnrw1 whh surfaces.
than the duration modeled. Although these problems may • Amount of slnin m com-•ie'wilh surface for ec
occur for other chemicals, the combination of the persistence ty of aMty.
of PCBs in the environment and conservative assumptions • Number of with F surlas0 Number of owdacts wWh un •mia surbliss
and models that may overestimae the transfer of PCBs be- or number of tkmes s s wished
twee media tend to exaggerate the problem. Q Pom, of PC.s fWrasfeed per contact (PCB-ooanld

Before dismissing conservative modeling, however, it surfa• to sn; PCS-coaled ldin o dean surface).
should be recognized that. under certain conditions, use of a Can d miel anc vata

multiple conservative assumptions may be apprpriateW For surf for each modee ac".

example, conservative assumptions for each exposure path-
way could be used to ensure that exposure by no one pathway PCBs are not on the surface, the rate at which they migrate to
is underestimated and could result in an unacceptable risk. the surface must be evaluated, and exposure may be for a

Risk assessments for various routes of exposure using longer duration.
such assumptions, however, should not be added without Modeling PCB migration to the surface requires addi-
ensuring (at a minimum) that the total exposure of the MEI tional data (or assumptions) and adds additional uncertainty
does not exceed the amount of chemical available for that to the risk assessment. A determination (or assumption) that
duration of exposure. only a small portion of the PCBs are available on the surface

A critical consideration in the potential for exposure to during any time period, however, limits the total amount of
PCBs contaminating surfaces is the "ink pad" effect. This exposure by all routes for that time period. Thus, it may be
paradigm comprises several useful concepts. Frst, it assumes reasonable to assume that all the surfaces do not have a
a reservoir of chemical that will become available over time. constant concentration (i.e., an unlimited source) of PCJs.
Second, the concepts of transfer of PCB from contaminated Similarly, the PCBs available on contaminated surfaces must
surfaces to skin and from the then PCB-covered skin to clean be apportioned between dermal exposure and inhalation ex-
surfaces (with analogy to an ink stamp) are both included. posure after volatilization from surfaces. Although a mass--
Third, the possibility of exhausting the reservoir of PCBs, balance check (total available PCBs versus total PCBs from
either temporarily or permanently, is introduced. Finally, all routes of exposure) would seem to be an obvious proce-
similar to an ink pad drying out with prolonged exposure to dure, its implementation may be complex, and it is frequently
air, changes in composition of the chemical mixture in the absent from analyses.
reservoir and variations in the effectiveness of the source to Within the constraint of the mass of PCBs that are
transfer the mixture due to volatilization and the potential for available during a specific time period, volatilization can be
exposure to PCBs in air are included. modeled by various techniques. When the concentration in

The extent to which the contaminating chemical is in a the air has been predicted (by either a dynamic or static
reservoir (Table I) can dramatically affect the exposure as- model), exposure to an individual can be estimated using a
sessment portion of the risk assessment.(1 4) If all of the series of assumptions, although sometimes controversial, that
chemical is in a very thin layer on the surface and the room are bounded by physiologic constants. (The manner of select-
has a reasonable air exchange rate, standard models will ing from among these assumptions may also be influenced by
predict that most of the chemical will be volatilized and degree of risk aversion or policy considrntions.)
removed from the room within hours or days. If all of the In contrast with the assumptions used for exposure to air.

many more of the assumptions needed to estimate risk from
exposure to surfaces have been less well studied and, there-

TABLE L Some of Use Factors A ctIng Dtai fore, have greater uncertainty. The general equation for es-
WoSur, PB aReseroriWamd tmatng dennal expc.4ure to PCBs foron contaminated

surffces includes some values that can vary substantially with

Amont o PCSk vall for en•saum per day depeI on: the method used to model contact (Table !I). To simplify the
APmou of PCS r deusm to tno surfe. illustration presented here, other assumptions, for example,

Peaco ieled*W~dg km surface imo or. o r sue
SRed pa to suface rom n or air. the amount of PCB absorbed through the skin. am aumed

* eimovel *om room by Oew builds air exnct to be the same for all methods for estimating exposure, even
or an n, ie., peson sang room. though they also can be controversial (eg., dermal absorption

Amouut of PC~s elabl~e fOw exposure per (wrodng) Iftede(ne
depadle am: may vary with cocenruaion for some chemicals). EPA('5

"* Toa mus of PCOe in builn is in the process of evaluating assumptions associated with
"* Pmnnselly of reseroir muaile.. Le.. amouni exposure via dermal contact.

esurface per (woatng) 121alis. At leat three distinct approaches can be used for estimat-
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ing exposure through dermal contact. The most traditional workers were occupationally exposed to PCBs only through
risk assessment approach is to model activity that might result contact with contaminated surfaces and inhalation of PCBs
in exposure (Fable MD. Because much of this information may volatilized fron these surfaces. Limitations ofany epidemiol-
vary by location and accurate data are usually not available, ogy study must be recognized. It can also be difficult to
the resulting risk assessments may differ significantly correlate serum PCB levels to potential for occurrence of
depending on the values used. One of the fist steps in adverse effects. The uncertainties in this exercise, however,
estimating dermal expoure by this approach is to determine may be no greaer than modeling exposure through estimating
which activities result in contact with contaminated surfaces. activities. For situations in which the surface PCB levels are
Although all PCB-contaminated surfaces contribute to PCB near or below the level reported in Christiani et aL. these data
concentration in the air, only some surfaces are accessible for may be a more accurate representation of exposure and poten-
derma contact. All models for exposure by dermal contact tial risk (or, if the contamination is lower, an upper bound of
with surfaces, except those that assume all surfaces are as the risk). At a minimum, they represent a reality check on any
contaminated as the most contaminated surface, will incar- modeling exercise.
porate a measure of accessibility by techniques such as use of Parenthetically, review of the Christiaid et al. study
a weighted average concentration or by separately modeling suggests an additional issue concerning risk assessment of
each type of surface based on accessibility (e.g., floor, stur- this situation. Exposure through inhalation was considered
faces within reach, high surfaces, and ceilings). Determining negligible by the authors, presumably because the concentra-
which surfaces are accessible and how frequently per time tion in air was below the detection limit. Depending on the
period each type of surface is in contact with the skin is not location of PCB contamination on surfaces and the assump-
trivial for most situations. Following the ink pad paradigm, tions used for estimating exposure by inhalation or dermal
the amount of PCB transferred from contaminated surfaces contact, air concentrations at the detection limit in this study
to clean surfaces during repeated contacts throughout the (it m •/z 3) could contribute to the risk. If, in a particular
workday should also be estimated. Day-to-day variation in z.- b'on, highly contaminated surfaces were inaccessible
activity for one individual and variation among individuals (Le., conluibuting to air concentrations but not significantly
may result in a complex matrix that will not easily reduce to to dormal contact), the PCBs in air at the detection limit might
a few, tractable exposure scenarios. have a higher estimated risk than that from contact with

A second approach, useful for chronic exposes, is to contaminated surfaces. Thus, when a chemical is estimated
assume that an equilibrium exists between the person's skin to be relatively potent and detection limits are relatively high,
that would contact surfaces and the appropriately weighted a risk assessment of exposure at the detection limit should be
average of the PCB-contaminated surfaces in the room. As- performed before an exposure pathway is eliminated due to
sumptions in this case are fewer because the activities of a inability to detect the chemical.
person do not need to be estimated. Although this approach
might seem very conservative, a comparison with the activity Conclusioms
approach suggests otherwise, especially if conservative as- Risk assessment of PCBs poses two generic problems:
sumptions (i.e., some version of "worst case") are modeled. 1)the chemical is actually acomplex, oftenchanging mixture
As a simplistic example, assuming a 50% transfer of PCBs of chemicals, which increases the complexity of evaluating
from contaminated surfaces and four contacts per day, the toxicity and 2) PCBs persist in the environment, which com-
exposure modeled by the activities approach (assuming no plicates modeling of exposure. These factors also limit the
removal fiom the skin mad all other values constant) would salability of data needed for estifating risk. Thus, common
be twice that of the equilibrium approach (e.. [4[0x 2 sene and upper-bod risk assessents (reality checks) am
where x is the concentration on dhe surface). Depending on uaefui in preventing a combination of seemingly reasonable
the extent to which the PCBs on the skin am assumed to be
truifased to a cleman surface or rmoved by washing. thep from resulting in an unreasonable risk estimate.

estimmtedexposm from this aspect of dte activities appý A
to modeling exposure may still exceed that of the equilibrium
appOWch, depending on the other activity assumptione L. ASkS M H ooi dTxcEfcio"

kC Pai~cMMd Dipluny (FdM): MOiMMU Md EavimuMMInadopted. Nevertheless, it would seem unlikely that, for Txicop, pp.49-73.S, S AEd. Spriqi-Vwq& 3B1 (1967).
chronic exposures, the actual exposure would exceed the 2. Sa .- Patycimed Bitmyt (rCF).

equilibrium model using the appropfiately weighted surface 0CaX i MCMsan , N d Cmh Sq. Eelp-
concentratiom~~ .- •d ad Mbln CAMidwMim Whic SOPM do Develop

conceam oo. d Taft 2"wy FPa.m wl.). Ci. a". Tiro. ? i
PieJly. availab" dat may provide a rough. stimsat for 21(l):S-1(9).
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PCBs on Naval Vessels

Kurt W. Riegel
Envir"nmental Protection Office, Naval Sea Systems Command (OOT), Department of the Navy,
Washington, DC 20362-5101

The folowing is the abstract of the presentation by Mr. vantoial uses like eeck altransformers and capacdors The
Riegel. His paper is not availablefor publicaon at this *me. Navy is woking an t problem underth existing regulations

I Api 198, d, Nav was suprsd by ove of bt w also work with regulators as opportuidles emerge to

polycrk bipw yls (PCea) in crain it b abad f revise fles In order to raelect actual Navy wperinc a

1p. For example, somewool felt material used fr acoustics prpiately. evised rules shouid also be bIasd on accurate
donmpin and in gaskets was fond to be impregnated with asssm ent of risk to personnel and to the wnwonment
PCOe; they had been added by some suppliers wihout the Persons skilled in th techniques of risk assessment we
Nawys knowledge in order to reduce flammability. These uses encouraged to apply the Navy's experience in tis matter,
wer discovered during work done on a submarine at the nd including results of environmental mem ents n thi par-
of Its lie. Existing regulations were developed before de ticular situation, and to participate in the process of updating
unuual appliations became known and mainly address con- PCB regulations using te r ts.
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Short-Term Exposure Guidelines for Emergency
Response: The Approach of the Committee
on Toxicology

Rogene F. Henderson, Ph.D.
Inhalation Toxicology Research Institute, P.O. Box 5890, Albuquerque, New Mexico 87185

For over 40 years, the National Research Council's Corn- guidance for single emergency expose conditions (i.e.. an
mitte on Toxicology (COT) has, on roqut recommended occurence expected to be infrequent in the lifetime of a
emergency exposure guidance levels (EEGLs) and con- perso). The levels ae not intended for conditions that are to
tinuous exposure guidance levels (CEGLs) for chemicals of be repeated on a regular basis. The guidance levels are for
cncern to the Deparment of Defens (DoD). EEGLs provide military personnel operating under emergency conditions
guidelines for military peronnel operating under one-time, w c w to military operations. The
emergency conditions whose circumstances are peculiar to
military operations and for which regulatory agencies hav not guidance levels should never be considered as standards for

set revant standards. CEGLs are recommend fo norma, the general population. Under some circumstances, DoD asks
lorglasting military operations. The guidance levels are set COT for guidance levels for short-term emergency exposures
assuming that the military population is healthy and relatively that my affect the general public. Such guidance levels are
young and includes women of child-bearing age. An EEGL is for one-time, single exposures under emergency conditions
defined as a concentration of a substance in air that may be and are adjusted for the difference in the population of the
judged by DoD to be acceptable for the performance of general public compared to the military. Finally, COT also
specific tasks during rare emergency conditions lasting 1-24 provides, upon request, guidance levels for continuous ex-
hours. Exposure at an EEGL is not hygin or safe; exposure posures (up to 90 days) of military personnel in atmospheres
at an EEGL may produce reversible effects that do not impair specific to military operations (e.g., submarines). NRC has
judgment and do not interer with proper responses to an
emergency. CEGLs are ceiling concentrations int d t published seven volumes giving recommended guidance
avoid adverse health effects, either immediateordelayed, and levels for 37 chemicals(-7)
to avoid degradation in performance of rulitayeonnel after In the following sections, the differet guidance levels
expsures for as long as 90 days. Accumulation, deob ca- provided to DoD by COT will be defined and described in
ton. and excedon ae important factors in determining more detail. The process of developing the guidance levels
CEGSLa. For a substance that has multiple toxic effects, aln the will be reviewed, and example compounds will be used to
adverse effects - including reprodiutv and developmet illusate that process.
effmles; cance, and nourotoxic, respiratory, and organ-
speClfc effects - are evaluated and the most seriously
debilitating, work-liniting or sensitive one Is selected as a
basis for guidance. Occaslonally, DoD asks COT to recom- The Emergency Exposure Guidance Level (EEGL) is a
mend a short-term, public emergency, exposure guidance
level or SPEGL A SPEGL Is defined as an acceptable peak con ofa sbstance in air tha may bejudgd by DoD
conconltrao for uprdicted, sing, shorl m, emo to be acceptable for the performance of specific tasks during

oesurse of the generni public SPEGL re generally mat mre emegncy conditions lasting 1 to 24 hours. The EEGL
0.1 to 0.5 times the EEGL to provide appropriate sa• factors should allow personnel to continue to perform tasks neces-
for the wide range of susom•ibifty in the general puli my to take cae of the emergency conditions and to allow

self-rescue. Therefore, the EEOL should not impair judge-
h mot, interfere with performance of tasks in rsonse to the

emergency. nor cause irreversible harm to the pemonneL The
For over 40 yeas, the Committee on Toxicology (COT) EEGL may, however, came transient adverse effects, such as

of the National Rmch Council (NRC) has, upon reques, increased respiration rate, headache (but not debilitating
advised the Depaumer of Defense (DoD) on the ceilings for headache), mild central nervous system effects, or irritaon
exposur to aiborne chemicals of interest to DoD under to the eye ot perespiratory Utc. An EEGL is acceptable
emersency exposure conditions. The levels in inmtded as only in an emergency, when some discomfort or risks must
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be taken to avoid greater risks, such as fire, explosion, or risk assessment is used dia is based on a linearized, multi-
massive releases of toxic material. stage model9 to provide an estimate of an exposure that

The calculation of an EBOL is based on the exposure would not lead to an excess risk of cancer greate than 1 in
population being military personnel who am healthy and 10,000exposedpersons. Phannacokinetic information is also
relatively young. Women are included; thus, the potential sought in the search of the literature. The ability of the body
fetotoxicity of the exposure material is considered. Personnel to clear the inhaled substance is of concern in setting die
re expected to have appropriate protective equipment avail- CEGL based on the EEGL (Le., in going from an acute

able and to have planned escape routes, but EEGLs are not exposure situation to a chronic exposure scenario). The
based on the availability of the protective equipment or the ability of the body to clear the substance is also of concern in
escape routes. estimating the potential for a short-term, emergency exposure

The Short-Term Public Emergency Guidance Level to cause an effect such as cance.
(SPEGL) is a suitable concentration for single, short-term, In addition to the search of the literature for toxicity
emergency exposure of the general public. The SPEGL is information, COT draws up a list of all other exposure limits
developed at the request of the DoD for emergency situations that have been set for the compound by any agency. Such a
in which the public might be involved. The SPEGL considers list provides information that allows the Conmmittee to judge
sensitive populations, such as children, the aged, and persons if its deliberations are in reasonable accord with the recom-
with serious, debilitating diseases. mendations ofother groups of experts who have evaluated the

The Continuous Exposure Guidance Level (CEOL) is a sun compound. The purpose of this comparison is not to

ceiling concentration designed to avoid adverse health ef- mimic the regulatory levels set by others but to determine if

fects, either immediate or delayed, of more prolonged ex- the COT deliberations resulted in guidance limits that are

posures and to avoid degradation in crew performance that reasonable in light of the special needs of the military. It

might endanger the objectives of a particular mission as a should be emphasized that the guidance levels recommended

consequence of continuous exposure for up to 90 days. Thus, by COT are not like standards issued by regulatory agencies

CEGL is not a short-term, emergency guidance level but is and must not be so construed. Tbey are intended for use by

included in this report because it is usually calculated based DoD exclusively for its particular exposure situations.

on some fraction of the EEGL The CEGL is intended to Based on the information gathered from the literature,

provide guidance for military operations lasting as long as 90 COT recommends an EEGL For a substance that has multiple
days, such as in submarines. toxic effects, COT chooses the effect that is most debilitating

or most likely to interfere with performance in an emergency

Process for Developing Guidance Levels situation as the basis for the EEGL A safety factor of 10 is
used (i.e., the EEGL is reduced by one-tenth) if only animal

COT has published a summary of the procedur used in data are available or if the data are from a route of exposure
recommending guidance levels for DoD. The first step in that is different from the expected route in the emergency.
developing guidance levels requested from DoD is to search The EEGL based on acute toxic effects is then compared to
the literature for information on the toxicology of the sub- the level of the compound that would be recommended based
qtance of concern. It is essential to gather basic information on the cancer risk assessment process. The lower number is
on the chemical and physical properties of the substance to recommended as the EEGL
understand how the material will act in an emergency situa- Usually, the 1-hour EEGL is calculated first, and the
dion. What will its physical form be in the atmosphere? Will 24-hour EEOL is then set based on Haber's Rule, which states
it be stable or break down rapidly? How will its solubility that exposures having the same concentration times time
affect its retention in the respiratory tract? How will its constant will cause equivalent toxicity. Based on this rule, a
particle size influence deposition in the respiratory tt? 24-hour EEGL would be approximately lf24th of the EEGL

Next, the literature is searched for any indication of acute for I hour. For some compounds, such as irriutnt gass, for
toxic effects and the concentrations that indue tie effects. which the concentration is the major parameter determining
The most valuable information is that which is baed on toxicity, Haber's Rule is not followed, and the EEGL for
human responses to the substance. Studies indicating the I hour may be die same as for 24 hours.
effect of the compound on the ability of humans to perform For some compounds, DoD may request COT to recom-
difficult mental or physical tasks are especially useful. In the mend a SPEGL Because the public may include some semi-
absence of human dat acute responses of animals to the tire subgroups that are not in the military, such as severely
substance ew used. All types of acme toxicity dat re con- debilitated persons, young children, and the very old, the
sidered, including reproductive and developmental toxicity, rMoNmmended SPEGI. am lower than the EBOLa. Usually,
OeurCOX•ity, respiratory toxicity, And oMher orgI-spcifi te d SPE Ma 0.1 Q o 0.5 times the EMU A safety factor

tip mof 2 is umed to protect sensitive subgoups in the population.
If the compound has been shown o be a carcinogm, a U f wbomor fetuses m to bep ecP a safety faor of
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10 is used. (70 years) exposure £o benzene at 1 ppl, was 24 x le4.(14) To
Likewise, DoD sometimes needs recommendations for convert to the level of benzene that would cause an excess

CEGLA or ceiling levels for continuous exposures in specific cance risk of W4~, the COT calculated:
military operations. T7he CEGL is usually 0.01 to 0.1 times sklx -4 " e xpp 42pthe 24-hou EEOL Hf the substance clears fie theof body 24 x le ppm.2p
rapidly or is quickly detoxicated, a safety factor of lrnay be
used. If the compotund is expected to accunulate in the body To convert from a 70-year exposure to a 24-hour exposure,
or is only slowly detoxicated, than a safety factor of 100 or the following calculation was made:
evm htigher* a beusd 4.2 ppb x - 70x35dv 30,015 ppb or 38 ppm

ExEInpIO Compounds The multistag factor is based on the work of Crump anid
Howe(9 to allow for possible variability in the stag of the

BOW&Wcancer process at which benzene or its rnetabolites act.
The basis; for COT's guidance leviels tor benzene is Therefore, based on the carcinogenic properties of benzene.

described in Volume 6 of the series of documents published the 24-hour EEGL would be 38 ppm, and the 1-hour EEGL
by the NRCQUOT.(6) A brief description of thiat process will would be 24 times as high, or 912 ppm.
seave as an example of die approach used by COT. Because dhe EEGLs based on acute toxicity were lower

Acute exposures to high levels of benzene are known to amth EEGLs that would be set based on benzene as a
produce central nervous system (CNS) effects that could be carcinogen. the acute toxicity data were used to set the 1 -hour
debilitating. Chronic exposure to lower levels of benzene is EEGL at 50 ppm and the 24-hour EEGL at 2 ppm.
associated with hemnatotoxicity and acute myclocytic HdgnClrd
leukemnia. A review of the literature indicated that humans yrgnClrd
exposed at 50--150 ppm benzene for 5 hours complained of An example of a chemical that does not follow Haber's
headache, lassitude, and weakness, whereas exposure at 25 Rule is hydrogen chloride (HO). The irritancy of this gas is
ppm for 8 hours had no effect."') Subacute hemnatooxicity more associated with its concentration in air than with the
was induced in workers exposed at 25-100 ppm benzene over time of exposure. Therefore, the 1-hour and the 24-hour
10 years3 6) Chromjosomal aberrations in peripheral white EEGLs for HOI are both 20 ppm, and the 1 -hour and 24-hour
blood cells were observed in workers exposed to as little as 1 SPEGLs are both 1 ppmi.
ppm benzene for over I year."" Th11 7e 1 -hour SPEGL for HOI can be compared to that

Animal studies indicate that exposure of rats at 1-10 ppm recommended by industry as a Level 1 Emergency Response
benizene for 6 hours results in an increase in chromosoinal Planning Guideline (ERPG) that is used in planning for
aberrations in bone marrow Cells.( 12) Fetotxicrty has bee responses to emergency situations in the chemical in-
observed in rats exposed at 50 ppmn benzene for 7 hours/ay dustry.P' This guideline is defined as the maximum airborne
during days 6 through 15 of gestation, and teurat nicity concentration below which it is believed that nearly all in-
resulted if the exposure was at 500 ppm.(1 3 ) dividuals could be exposed for up to I hour without ex-

The cret Occupational Safety and Health Amiinistra- periencing anything more than mild, transient. adverse health
dion (OSHA) regulations for benzene allow an 8g..m tie effects or perceiving anything more thant a clearly defined
weighted average (TWA) exposure of workers to 1 ppm objectionable odor. The ERPG Level 1 is set at 3 ppm. The
benzene with a ceiling exposure limit of 5 ppm (15-minuzte difference between the ERPG and the SPEGL. les in the
TWA). people the guideline is meant to protct. The SPEOL con-

Based on the above information, COT set the EEGIa sie sestv subpopulations, whereas the ERPO only con-
boned on acute CNS symptoms in humans. Exposure at 50 to siders "nearly all individuals."
150 ppm for 5 hours caused headache, lassitudle, and weak- Rem mness but exposure at 25 ppmn for 8 hours produced no observ- F'IC
able C45 effects. Therefore, exposure at 50 ppm for 1 hour 1. NmWReec CoSOl. COm S On TozicoogW Ezamnnicy mW

Cowa~m Ezpomu Lkafi for Sdelcad Ahtbon CauunniummU. VOLcan be expected to have mild, but not incapacitating effects. 1. NMOd C~ Pm.. WWinfIM DC (1964).
Thus COT set the I-hour EEGL at 50 ppm benzene and the I. Nedoe Resmac Cowail. Coauwr o. Touicol FogEupacy mid
24-how EEGI. at approximately 1W24 that value or 2 ppm. 2.~m .'-o-* Lmov P fos r SWutedqlAht D C o a (1954

However, benzem is a probable human carcinoen; I Nmw Renomb Cmdl. Ccmei on Tocicaow EmwPmcY and
thierefore, COT evaluated the exposure to benzene that would C~awk Expnesm Linda for Selwid Airban CO WVAI. VOL.
noe allow an excess cancer risk above I in 10,000. To calcu- I Nadal Any Pm.. woamhms DC (1964).
late this value, COT accepted the EPA Carcinogen Asia*a- 4.NCmiý Eqch Cmifti Ca(w b Seea. Aboidoma, Eanumic Vad
mewt Goup's report that an excess. risk of cancer for lifetime 4.Nsdow Ace.my Pimw W.mquma. DC (199U)
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5I NedmI bisush CouncilCoumsmomToxicalo Enurgmny me 10. (lraud. NLW: Toxicology mad Biodciuwy of Ammoc Ky*,cm-
Caawam Enposu I.mift forSolecoud Akbboru CcnwmmU VOL. bows.p. 329. ElmsvierPub1ie Cmsqary. New Yak(1960).
S. Nulorn Academy Puss Waldogimn DC (196M) I I. Saft P34 Combas L; Flam. AA.M gat LA Cyoegnunc Study

6. Noandm RermombCommadI. Ccaus cmo Toalcoogy E..sgucy mad Wad=s Eqomid in Low Comimivar ot DOOM.. Cmudgnomb
Cossimu Dpoume Limit for Selecood AhbasrnCOMA*MO VOL 5:827-M5(1994).
& Nuiarnd Acubmy Paws Walngon. DC (1945) 12. Styls J-44 Ridrndsoom CRL Cylopoodc Efbm of Bom= Dami-

7. Noauimm Reseobc Councl. Cotaunle = Toxicology- Emergency and imouic Studies an URaw Exposed to Emm Vqmo. MNo. Ra.
Cooinuosm Expaswe Limits for Selected Aitbosu Cnuamomlmes Vol. 135.203-209 (1964).
7. Nuiond Aamemy Pies.. Walsiopmn DC (I195). 13. Ku.. R.A. Kapp. Jr. .LW. Tim Emlwycomicifferuopeic Poteuuluof
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Acmdemy PMWs Wasliagmon DC (196). mad Stmabdi6s RemeuCh TuNICai Pak. NC (1979).

9. C p. L.S. How R.B. lbsMulistageModelwith albne-Dpeuaiea 15. Ameriomi Indusuf Hyeim Muocirice Emergecy Respare Pbmw-
Do~sePemu Appllmaia..oCminqogebcRlakAsse..nenafskAnaL sing Gaidliom Sea 1-5. ADMHAlma. OH (1986-1991).
4,163-176(1984).



Three-Tier Approach to Chemical Spill Response

Keith D. Chandler, Lt.Col., USAF, BSC
USAF Medical Center/SGB, Wright-Patterson AFB, Ohio 45433-5300

Major chemical spil create special problems In protec- lower levels. The SPEGL is set at a level to protect this
*on of both public and worker health. The current standard of sensitive subpopulation, but it does not give the Base Corn-
practice for a mao spill requires the evacuation of personnel nder the risk information needed to evaluate, plan for, and
for a specified distance downind, using exposue limits and respond to a large chemical spill. The Environmernal Protec-
dispersion models to define a toxic coids safe and unsafe tion Agency's (EPA) Technical Guidance for Hazard
areas. The implication of this practice is that thr is significant Analysis Emergency Planning for &Jremely Hazardous
health risk inside the toxic corndor and no significant risk
beyond the corridor. Because of te high vel of unctant Substances (December 1987) sets the "Level of Concern" for
in both the exposure limits and the dispersion modeling used, public emergency exposure at 1/10 of the "Immediately
these orr s are understandably conservaf* in an attempt Dangerous to Life and Health" (IDLH) level. EPA has also
to develop a high degree of confidence that people outside the established an air pollution ceiling goal for NO2, above which
toxic corridor are not endangered However, this conservative is the "significant harm level" for the public as a whole,
practice can result in very large, predicted, toxic hazard cor- including sensitive subpopulations. The Occupational Safety
ridors creating evacuation problems and additional hazards. and Health Administration (OSHA), the American Con-

ference of Governmental Inustrial Hygienists (ACGIH), and
Beo 1985, the United States Air Force used National the National Institute for Occupational Safety and Heaith

Academy of Science (NAS) - National Research Council (NIOSH) have all published occupational exposure limits for
(NRC) published emergency public exposure limits for short-term, periodic exposures.
nitrogen dioxide (NO2) and the hydrazine fuels used in rocket The hydrazine family of fuels creates a different prob-
and missile operations. In 1985 and 1989, the NAS-NRC lem. Although acute toxicity data are available, these chemi-
Cormmitee on Toxicology published anew, lower, short-term cals have been listed as suspected human carcinogens. This
public exposure guidance level (SPEGL) for NO and the identification as suspected carcinogens caused NIOSH to
hydrazines used in Titan rockets. This lowering of the ex- remove the IDLH listing for these chemicals from the NIOSH
poure limit caused a significant increase in the length of the PocketGuide to Chemical Hazards, Fifth Printing. The Pock-
pmricted potential toxic corridor at Vandenberg Air Force et Guide dat were not intended to be used for emergency
Base, extending it well beyond the controlled areas of the bae response; however, the Guide had become the standard
into populated areas, significantly impacting the base's source for IDLH data from a recognized agency. Therefore,
ability to perform higher risk operations such as fueling and when the IDLH levels for suspected carcinogens were
launching the rocket. This forced a re-evaluation of the stand- deleted, a void was created in "officially recognized" IDLH
ard and practices used for hazard planning. values for hydrazines. This makes it difficult for a Base

Predicting the toxic hazard corridor requires three prmi- Commander to defend the use of an exposure limit that is not
cipal elements: rate of contaminan evaporation, dispersion sanctioned by a recognized agency.
modeling, and exposure limits. This paper focuses on the InordertoprovidetheBaseCommanderwithbettertools
exposure limits, the associated health risk, and response to evaluate risk from and respond to failures of these fuel

acionsm systems, we developed a risk-based approach to toxic hazard
If a chemical release does occur, the information needed prediction and response. The approach identified threeisk

by the Bre Commander is the degree of risk to human health categories, each with an associated risk and response proce-
and safety. Risks can be either immediate or long term and dur. Although this approach may not be necessary or prac-
can affect the general population or selected sensitive in- tical for small chemical spills, it greatly helps manage both
dividuals. plnming and response to large toxic chemical spills.

In the case of NO2, there Is much experience with human Table I shows the sources of several published exposure
exposure. In the average population, the risk is considemd limits for the primary rocket fuels. This information was used
immediate with a finite threshold for irreversible health to kdntify existing standards and to help clarify relative risks
damage; however, there is a sensitive subpopulation that may for differm exposue limits. These risks can be divided into
sfferf secondary effects caused by exposmu at much three categwos: innediately hazardou to life and health.
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TADLE L EXPosur StWWduid OW Levels of Conern (L.O.C.)
SWntdus LWWI Tflv

Imagmo Dlaadd 1 2 3
KXWH11/2 OLH SWasppm X - -

EPALO.C. 5 ppm - X-
EPA -1 11-hecwmleveif 2 ppm (I havg.) ---

Ceo.lngoal 0.5 pprm(24 hr ag.) ---
S*EfL&AAS-NfC Ilppm (Ihour) - -X

ACGJH ahrtwem **eapee
"be (STEL) (19M0) 5 ppmn (15 mni)*

064A STEL I ppm (15 urrn)~

IDUVOI/2 N0U4 5W5 ppm X-
EPA LO.C. 5 ppm -X

&E WAS-~Nfl 1909(carice 24 ppm (1l ho-
ACWH nowm~iedvampug

(TWA). (1990) Iprapabsd 0.5 ppm ("I0 PPIN
OSHA STEL 0. ppm (15 uhi)

IOLHI1/2 lINL 00/40ppm X-
EPA LO.C. a ppm -

SPEOLiNAS-NRC 1969 (Noer) 2 ppm (I1wI) -X

ACGIH TWA (1990) Wprposedj 0.1 ppm (0.01 ppmn
OSHA STEL 0.1 ppmn (IS min)

Con viism to b rqure forp-- plaFne and repedv risus

without regard to long-term cancer risk; potentially hazard- release.
ous to the general public with effects being reversible or Imlmnainof the three-tier approach required an
minor. and not significantly hazardous to the general public education campaign for the conmnanders and operators to get
but posing increased risk to a sensitive subpopulation. them to understand and accept this new way of planning for

Table 11 defines the levels of concern categories and disaster. Commanders had to accept the uncertainty of not
reflects the recommendied response action for each level of having a "national standard" to rely upon. Operating instruc-
risk. In addition, Table I indicates which exposure limit best tioWs disaste response plans, and computer dispersion
fits each level of concern, models had to be modified to deal with Levels of risk and three

This approach requires that the Base Comnmane accept levels Of toxic corridors.
a certain level of risk for public exposure potential by using In the final analysis, however, this three-tier approach to
exposure hazard data that are available but not "officially" managing hazardous chemnical spill provides the operational
sanctioned; yet, it allows the Commander the flexibility to commanders with a risk management tool that permits in-
conduct hazardous operations with a high level of confidence creased flexibility in establishing polices and in managing
that an effective response can be made to a mrajor chemical hazardous operations with a higher level of confidence.

TAKLE L Deecrlploni of Levels of Concern
Lavid 1: Carool Access and EvaA

h --eWON!) denguus lo He mid ho&Vl Carme.*dalns pos 'Il~u -d ris In ased

Alwoumld~do Evamidaln diould be per-ormed urdess I u~ mare ule lI= sesdrug
doellar or a aft In ~ h I Nr~ il

Ure 2: Seek Sheller or Evsauefs
Espamrvi page samne din to Vie average kWvI~wL
wROOM ~ ~ v Seekuhelte Rh outlfosidrblrIslaesdawreveawus, dpeni

oaan lhden iddwardarL
Level 3: Smnsdav hidvidu

li51r 11'paSM no 1- to naruinW ad bu~q bVNINdus. Ceflhl uve 1@11 ivlidwi
(Wioslunds aid auilek after kmpgdhmsed peaple) ma" be at smen delt 9 eapased.
Reom mwddollaft Onilarlo Sugp 3 air poaodn slut. nay OiepubIa of Wmni, provide
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Developmental Medical Research
on Liquid Gun Propellants
David L. parmerA Winifred G. Palmer, David A. SnMatA and Robert A. Finch
U.S. Army Biomedical Raeserh and Developamet Laboratory, Fort Detrick, Frederick. Maryland 21702-5010;
A~oei assigned to the U.S. Army Biomedical Research and Developmnent Laborator

A research program Is described that addresseseax: higher storage quantizies in combat vehicles, and reduced
posure and health effects potential for afuture liquid prpopllant vulnenability to accidents or eonmy flue
artillery system .The principal focus of the study Is ifhi prodic- Over the pest decade. several formulations for LP have
tion of health effects based upon hypothetical weapons eye- been considered. ibe most recent fornulation, LP1846, will
tern coirbet and taning scearios. Accidental spills of the b sdi h .. Am lcst otnedvlpeto
liquid propellant are expected to be the principal mtods of be usiledy if sthem US. 4 Aiecs tocontinue development of

exoue Th sin dermIal mode Is to p":lpa assa arilruytessed6iscmoe f yrxfor identifing health effects arising from accidenital spill situ- "'o"""" nitat (HN) trithnoamonu nitrate
dons. The study waa initiated by the development of proc.- (MEAN), and water in the ratio 60.8:19.2:20 volume to
dures for collection of data on humans accidentally exposed volume (vlv) HAN:TEAN:water. Thenmoleculsa tuctuesof
during the weapons system research and development HAN and ThAN am. shown in igRem 1.
phase. This informationi, as well as inormaition from corn- no. U.S. Army Biomedical Research and Developmient
plated tWoxiology st1Jdles was shared wihidsr and Laboratory (USABRDL) is currently assessing the health

gerinment paticipants for worker proection and fo h risks associated with LP1846. The results of this assessment
deveopent of a medical surveillance plan. Systern descriri- will be used in the basic programn decisions concerning
Mion scenarios were developed at an early stage in order to wehrt otnewt h eeomn fL ytm.Tintegrate human exposure data aid arila toxicolgy stuidies hte ocniu ihte eeom fL ytm.T
into assessments of potential naksi. Sus~n upae to be considered in the decision-making process wem docu-
these scenarios often led to changes in the toxicology studies merited human accident scenarios, medical surveillance data
In an Iterative fashion. from exposed persons, results of toxicity studies, analysis-of-

Liquid propellant 1864 consists of 61% hydroxylam- use scenarios, and construction of hypothetical exposure
monium nitrate, 19% trehnlmnnunnitrate, and 20% sceniarios. The medical research plan governing the direction
water. previous studies of this material have demonstrated of this assessment focuses on health risks faced by soldiers in
significant dermal irnay potential, Includin sensitization, ir- combat and training. The risks encountered in production
ritatiori. and folowing extended exposure marked necrosis. facilities will be addressed at a latw time. Ti's priority was
Dermal exposure is followed by ma h-inloobin Increase. The based 1) on the recognized higher incidence of combat acci-
results of recenty completed and ongoin toxicology studies dents thot could lead to exposure and 2) on the lower potential
are described. Study protocols, designed to simulate weapons ouis toroieptcivmauesn
systei -scenarios with the swine model are also discussed. fr-gneigdsg opoiepoetv esrsi
Thuse protocols Include assessing Wlevs of relative exposure combat anid training scenaros, a.. ampared to production
(accidental api potential), water rinsing of dermal and ocular facilities.
surfaces, and absorption by clothing. Dat requirements to
complete a health effects risk assessment for Army decision- Shad Design
makers are Hostd and discussed.

Several key or unique elements of the study were
hitioduotla designed to address the objectves described above There

was a strong interest in nmaximiing the working relationship
U~quid gun propellant (LP) is the basis foes radically new between the weapons developer and the Army medical corn-

approach to artillery propulsion systems The propellerant c muinnity. As the weapons design evolved. potential routes arnd
be -mi',red into the combustion chamber to acchieve unique frequenicy of exposure from different operating scenarios
combinations of firing fate and range that cannot be sc- were exammied. In turn. the results from medical studies
compiahe by traditional arilery systems LP is expected to intfluenced systemn design. A meidical surveillnce progra
offer maeo advantages over solid propellants due to sig- involving civilian contractors and Army medical facilities
nificant reductions in production and transportation costs. was initiratd at an early stage. This; program emphasized the
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mba r onthefrtmtofdtheprmsuadnlrads in an incident tha involved
OUR a spill of appemeimsly 1.5 L of LP. In both cas the men

NOashed theirheam wib h distied wer within 20 seconds ad
"H .changd their clothig witi 3 hours. Medical examinationH fE4 ro on th folloing day revald no signs or symptons related

tothemsp.
HO. CHr CH2%" No A final medical report suggested that LP can caus an

H 2- CH 2-M H] allergic sensiitinio. In this particular case, the affectedL CH2- CH2/ individual routinely worked in the laboratory with small
FIGURE 1. Compoms of UquWd pu Wapelt. quanuies of 13 M HAN. When she worked with both HAN

md am- dipyridil, sh developed an allergic-type reaction to
rapid reporting of surveillance results and accidents in order seafood that disappeaed when she was not working with
to build a database on human exposure. Protocols for surveil- these substances. She eventually developed a rash on the
lance were standardized and health effects dam shared in fingers of her bi4d, leading to papules and vesicles, which
order to ensure that the information concerning the potential became a on blister. This rash was thought to represent an
health effects of LP was disseminated promptly to medical allergic Ps mpons to HAN. In addition to this case, there are
personnel and that accident response procedures were current several anecdotal nots which suggest that HAN may be a
and appropriate. In the approximately 4 years that the medical sensitizer. Although the evidence for this is largely cir-
surveillance program has been in operation, several revisions cumstanta in humas, it is known that hydroxylamine is a
to the guidelines, safety procedures, and Material Safety Data potent sensMizer in humans and animals.L)2 As reported
Sheets were made. below, LP1846 has been shown to be an effective sensitizer

The principal toxicology studies were designed to mimic when applied topically to guinea pigs.
potential field exposure(s) as closely as possible. The toxicity In the 4-yeaw period during which a cooperative U.S.
of LP1846 is due primarily to HAN, the major ingredient. Amy/ndustry medical surveillance program has been active.
HAN readily dissociates into hydroxylamine and free nitrate medical surveillmice sm have not reported any increases in
at neutral pH. and as expected, some of the health effects of medumoilobia values because of LP exposure. However.
LP1846 (Le., severe skin injury and methemoglobin forma- few expomrs w followed up with blood tests. Recent data
tion) are similar to those of hydroxylamine. Because acciden- indicae d td timde ofblood collection in relation to the time
ml spills were judged to be the most serious threat, the most of exposure Is h'pmta.() Thus, some cases of elevated
recent studies have concentrated on effects associated with m o I 'a could have been missed if the blood was not
skin contact Swine wen chosen as the experimental animal eumninedatthe dime maximum methemoglobin levels would
for these studies because they ae considered to be a good be expected. This is especially important in cases where
dermal penetration model for human skin."1 ) Studies ar in individuls washed exposed ara within several hours after
progress with swine to evaluate the effects of repeated ex- expoMMe.
posure. washing exposed skin, and exposure to saturated
clothing. Other studies were designed to evaluate the sys- TondoolW~y
temic effects ofLP1846 and to determine the risk that LP1846 Imst in the toxicity of LPbegan in the early 1980L At
would represent to the soldier when exposures occurred by that tmes, with the earlier formulation LP1845
routes that are most likely to occur on the battlefield. (63120f.16.8 [v/vJ HAN:TEAN-water) began at the U.S.

Army Eavironal Hygiene Agency (USAEHA). Because
H~fl1~fl E•p S a M@dI[d S hIfC HAN is the maj contribo to the health effects of LP, and

Although documented reports of human contact with LP because the fornukdons of LP1845 and LP1846 are quite
are limited, it is known that skin contact with LP can case similar. all thS -m betng considered in the assessment of the
an immediate, transient sensation of burning and the ap- health riaks aociaed with the current LP formulation. A
pearance of skin lesions within 24 hours. In one medical brief imumwy of saklies conducted with these formulations
report, a worker wiped his arm across a metal fixture wetted is given below.
with LP1846. Later in the day, a macular papular rash
developed in the are of contact. His physician prescribed a GrMON"k~Y
pHisoHex wash followed by a cortisone cream; the rash HAN ww dby dhShnoweuualAms asmay with and
resolved within a week. wthl m --1 m6•-d% syserns in five tester strains. It

Other medical reports indicate that remal of LP by wa usIilve in and CO.M(4) Similarly. HAN was not nuon-
rinsing with water can priven or reduce the seriousness of gwrc in the vbois pn couversion assay with Sac-
skin lesion. Two individuals became contaminated with LP choww.,w aolWeime. A emt for the dominant lethal effect,
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TABUE L LDso Valum of HAN In Rat., Rabbit, and Mice humans and animalsP and to triethylamnine, which has also
___ been reported to be a skcin sestz.15)

species ROwe sex ("19"g) Systemic EffcM
Rat Ora 822
Rot Oral F 520 Oral Exposure: Single Dose
Mow. Oral M 610
Rat hWeI I* M 146 The prnmazy known systemic effect of LIP is the produc-
Rat .0Waelfs F 187 tion of methemoglobin which appears in the blood soon after
R -_i Oral M 101 oral, inhalation. or dermal exposure. Studies in beagle dogs
Rabbit Iuwoeav ermals M 70 deostrated that methemnoglobin becomes elevated rapidly
Dat ft As&~ Ot O(L) aW MO St L(12) after ingestion of LP1845. HAN and hydroxylamnine

hydrochloride'2-'6) (Figure 2). Methemoglobin increased to
approximately 50% within 1.5 to 2.5 hours after administra-

performed in CF- I mice, revealed no evidence of genetic tion of 400 mg/kg LP 1845 (Figure 2A).")~ A similar patter
damage to the sperm that could affect eithe fertility or was seen with 240 mg/kg hydroxyLamnine hydrochloride (Fig-
survival of the fletua.(- ) TEAN is also negative in the Ames uire 2B), although with hydroxylamnine, methemoglobin
Safnonella assay.6 reached maximum levels later thanl with HAN. The sig-

LP1 846 was negative in an in vitro rat hepatocyte DNA nificance: of this difference cannot be determined because of
repair assay (unscheduled DNA synthesisfM and the Chinese the small number of dogs used in this study.
hamnter ovary/hypoxanthine-juaniine posoibylta-The rise in mnethemoglobin corresponded with a drop in
fenulse (CHOIHGPRT) assay. * 9) Results of test of the clas- Po2 in dogs treated with all three substances (Figure 3). In
togenic potential of LF I8Min CHO cells") were considered addition, LP1845 and HAN, but niot hydroxylamine. caused
to be inconclusive because only the highest dose tested in- a severe progressive decrease in systemic blood pressure
duced chromosonmal aberrations. The results were further (Figure 4). This response was presumed to be due to
confounded by the low pH of the final cell suspension because
pH extreme can cause chromosome breaks.

Acute Effects A

The toxicity of HAN varies markedly among different 4-U9
species; the oral LDso is nearly an order of magnuitude lower
in rabbits than in rats (Table I).(11.12) LD50 studies in rabbits 0
also showed that HAN is equally toxic by dermnal anid oral
exposure.0

L.P is a strong skin and eye irritant. introduction of
LPI 84 into rabbit eyes produced iritis, conjunctival redness, 0
chemosis, sand comeal opacities that lasted for up to I week. ____control______

Washing the eye 30 seconds after application of LPI 84 1 2 3 4
eliminated the corneal opacity and reduced the duration and lime (hamS)
severity of the iritis, chemosis, and conjunctival redness
Washing at 10 seconds after application flurther reduced dieB
severity and duration of thse srtornu. but signs of ocular so AN

irritation were still present.' 3

Sensitiation30%
HA("")and ILPi846O' were tested in standard ski

senstiaton studies in Hartley guine pigs. Negative results
were obtained when 0.1% HAN was administered by in- 116~
tradermal injection. However. positive results wene obtained L/ ___________

when animals were treated topically with undiluted LPI 846. 1 2 3 4
The later results are in accord with report described above I-~fwa

of allergic contac dermatits in humans exposed to LIP The FIOUUM Ini~ MM. -- 9 1afar oral dMiniUuiomof (A) 400
mensitization brought about by LPI 846 may be related to the o* LPU or(B) 240 nujk HAN or 240 mg/g bydroxyhudee tdoSL
presence of hydroxylamine. a potent skin sensitizer in Dm hom I Iid at s02)
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cial crusting comiposed of necrotic cellular debris and

100 cntrolSingle- and repeated-dos dermial studies have shown
% that LP and HAN readily penetrate the skin to produce

90- % %characteristic systemic effects. In a study in rabbits, HAN and
2 LP were repeatedly applied to the skin for 21 days. The test

41a- %material was applied in six doses ranging from 0.7 to 11.7
mg/kg, and treated areas were covered wit a nonocciusive

70- % --- LP1845 patch. The higher doses cause erythrocyte destruction,
Heinz body formation, anemia, and spleen enaremn Der-

SOF mal necrosis was observed at all doses tested.
Recent dermal studies using the Hanford miniature pig

1 2 3 4 were designed to simulate potential humnan accident scen-
Tkft (hours) arias. In the first of these studies, L.P1 8M was applied to 15%

FIGjURE 3. Redwcdon of wanuval oxypa wvas= following and afmas., of the body surfacc,(8) assumiing this would be the skin surface
to, of 400 m&jk LPI5SO W dop. Dus fan. Matkovet aOm1 ' contacted if sufficient LP was spilled on a soldier to cover the

fron surface of the body below the waist. LP was applied
peripheral vasodilation resulting from the high nitrate content directly to the skin of two pigs with the use of a cotton sponge.
of these materials.")~ The result for hydroxylamine in Figure Two other pigs received the same volume of material on a
4 ane in apparent conflict with a repozrP 7 which showed that swatch of battle dress uniform fabric. In the latter case, the
bolus intravenous doses of hydroxylammne hydrochloride skin was lightly rubbed with the swatch for 5 minutes to
produced transient, precipitous falls in mean arterial blood produce mild abrasion and the swatch was held in place with
pressure. a porous elastic patch for 24 hours

OraJExpoure:Repeted oseAD four animals were listless and had pale mucous
Oral xposre: epeaed ~membanesby 24 hours after treatent. At 24 hours, LPI 84

HAN was administered by gavage to groups of six male
New Zealand White rabbits in doses of 1.,5, and 25 migitg/day
for 21 consecutive days. The most notable findings at the end A
of the test period were spleen enlargement and ancrnia.(1 ) ur"

Inhalation Exposure 
I

Male and female rats and male beagle dogs were exposed 1g coto-l
to aerosolized HAN 6 hours/day, 5 dayst~week for 13 weeksj
at concentrations of 33. 100, or 300 mg/rn3. Dose-related li
effects occurred in both species and were characterized in rats j-
by weight loss and spleen and liver enlargement. In dogs, a. --P14

respiratory irritation, blood dyscrasia, and elevated methemo-
giobin were the matjor toxic effects. Minimal effects were
observed at the lowest dose.(18) a s
Deral Exposure hnUrs"

LP is -tog skin irritant A single, topical application -- -

of LP1 846 to the skin of Hanford miniature swine causes
erythema within several hours. By 24 howrs after application 13 coto .ýpwm
the erytherna and edema are severe- Within 24 to 48 houro,
d=r are extensive vesicles and papules A suface crust Ila
begins to form by day 4, and healing is complete within 25
weeks.( 3 )

The histopathologic effects of repeated application of LP L
on rabbit skin have been described as "ulceratve dermatits" a 4
with -marked necroisan lWons of epidermis.- Hbtopatho-OMM
logic examination reveale "intense acute and chronic *in- FIGUR 4.Mmblodp . follwng oand sambiaoaw of (A) 400
flammnatory infiltrates extending from the bowe of the ft.IMorS24gtHA 20wf bdyhmool
epithelial necrosis into the dermis. Often, there was superfi- Dm &m umwm at a~
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was reapplied to the same skin area by the same technique Further studies with Hanford miniature swine showed
used in the initial reaiment. Approximately 8 hours later, all that the nmehemoglobin response is positively related to the
four anals were moribund, markedly cyanotic, tachypneic, applied dose.0) Figure 6 shows the Iman rmehn moglobin
and vormiting. Methemoglobin levels reached about 20% levels in groups of animals that received a range of doses.
after the first riemnent and rose to about 65% afterthe second Animals were treated with undiluted LP1846 on 0%. 1%,5%,
trIaunen (Figure 5). Heinz bodies were present in nearly 10%, and 15% of their body surface. Methemoglobin levels
100% of the erythrocytes within 16 hours after the first were unchanged with 1% LP1846 (the no-effect level) but
expoime.( increased positively with higher doses.

22-

20" 0 1% LP1I4
/ "• a 10% LP1846

S 46 21 a 12% LP2164
,111 V NeaiveI Control
14- 0 NH414N3 Control

10

aOUN

0ho 24 411 72 9N 120 144 IMl 112 218 240 U04

HOURS
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A recent studyM clearly demonstrated tha rinsing the more imponanit safety aspects considered in the use scenario
skin within several hours after exposure effectively reduces are the types of materials that can be safl~y used for LP
the severity of skin lesions and reverses the methemoglobin storage and transfer. These materials must be compatible with
response. In this work, undiluted LP1 846 was applied to 10% LP in order to prevent degradation. Degradation products
of the body surface of Hanford miniature swine. The skin
lesions were minimal if treated areas were rinsed within 4
hours after exposure. Some vesicles formed if the skin was P610No rps
rinsed 8 hours after exposure, but the severnty of these lesions
was much less than thome of unwashed controls. The effect of
rinsing on mudenieoglobin levels is shown in Figure 7.
Methemoglobin leVels began to decline immediately after
rinsing if the skin was rinsed at any time up to 8 hours after To a"~I To sue"ng Ye Pmuidngi
treatment (longer time periods were not examined). For ex- Lw
ample, miethemoglobin levels were up to about 5.5% before
the wash at 8 hours. Although the levels rose steadily to aboutNi
13% by day 3in unwashed controls, they were reduced to 3%
by 24 hours and were normal by 4 days after ftearment in

risdanimals. Lg

Exposure Assessewnt oa
The design of the weapon system has evolved con-

tinuously since the beginning of this project, and as a result,
the developer is currently working on the third-generation-
use scenario. Interactions between the developer and healthOT
specialists at USABRDL have led to identification of critical Lelt
p--cn eq --adton- where exposure potential could be sig-
nificuu. The weaporis system design has been refined to
redwce or eliminat these nodes. The use scenario tricar- FICU3 L Liquid See psapslho cycle Fdllwig ftunlualati proidla
poras the entire logistics system (Figure 8). Among the may mm'ie bozas a Wkdli.
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(e.g., nitric acid) may preclude use of LP as a propellant and TABLE L Outline of Deft Requlr- U fit.
may also increase the toxicity of the propellant. Mechanisms for Risk Assessment
for liquid transfer have been devised that can reduce the • Eposure
requirement for manual activity. Operations that involve a • DemW pensiaalm
high potential for liquid spills, such as the gun breech ModremniTs
mechanisms, have been automated and isolated from the crew Pig-o-mn eowson

* Dsma Waftaon (end pakw)
as much as possible. • M d agigh promducUcoI

Data Requirements for Risk Assessment P0-o-musn apom~u
0 Metonoon red.ct

The basic elements being considered in the risk assess- Mechafism
ment of LP are shown in Table IL Three of these elements Pig-o-mnl Ox"POOMl
(skin damage, methemoglobin production, and red blood cell • qO bin Ie" (end point)
destuction) are the major health effects ofLP. The remaining ROC desucdon and Hei body Jormton (end point)

elements represent the mechanisms by which exposure
produces these health effects. The following simplified der-
mal exposure formula, taken from the U.S. Environmental that a pK great than 8 or less than 4 is highly predictive of
Protection Agency (EPA) Superfund Manual,(2 1) ctins acute skin irritation for acids and bases in man. This is of lessmost of the critical elenents associated wit exposure nta importance for HAN and TEAN whose pKa values are 5.96dermal o rute: and 7.76, respectively.

A further line of inquiry for the mechanism of skin
DEXu-texAVxCxPCxxFx1 IJlO00cm3  penetration by LP is to explore the route of entry through

* OW * 2.56 x 10 daysAifetime direct destruction of the straum corneum and other superfi-

where: DEX = estimated dermal exposure (mg/kg/day) cial layers using nitric acid as a model. (Nitric acid is a

te = duration of exposure (hrs/event) comumon manufacturing contaminant in LP.) Most work pub-

AV = skin surface available for contact (cm2) fished in this area focused on the relationship between the

C = contaminant concentration in water strength of the acid and the degree of necrotic tissue develop-

PC = dermal permeability constant for the sub- ment. Them are some data on the association between the size

ject contaminant (cmnhr) of the lesion and the increase in methemoglobirt.

F = frequency of exposure events per lifetime Skin damage may also be caused by hydroxylamine or

BW = average adult body weight (70 kg) other breakdown products of HAN, which is unstable at

I L.1000 cm 3 = volumetric conversion constant for water physiological pH. One such product, ammonia, is known to
produce skin blisters. Hydroxylamine can cause necrosis, and

In the case of LP, data for two components of this model, as described above, its ability to produce methemoglobin
duration and frequency of exposure, are being developed by correlates with the observed effects of contact with LP.
the weapons developer. When the frequency and duration of Current swine dermal studies ae examining the mor-
potential exposures have been addressed, external dose must phologic and histologic changes brought about by LP.
be estimated. EPA has conducted studies demonstrating that Destruction of the stratum corneumn is probably related to
film thickness represents a reasonable upper boundary on the denaturation of protein by reducing and oxidizing ions in the
degree of skin exposure that could occur because the excess LP mixture such as nitrate. Butler showed that hydroxylamine
will run off.(22) Exploration of film thickness properties of can cleave the peptide bonds (asparagine-glycine) in col-
LP. adjusted by the affected surface area, may provide a lhge.(5
reasonable approach to estimates of external dose resulting The studies in swine will serve as the basis for continuing
from a spill incident. work on the risks associated with exposure to LP. Inherent in

A number of mechanisms for skin injury and/or dermal this work is the assumption that swine can serve as an ap-
peneamtion have been proposed. Classical dermal penetrition propriate model for LP skin penetration and methemoglobin
models for many substances am based upon affinity with lipid production in hmans. There are sufficient data in the litera-
materials in the sratumn corneum. Most models of dermal tWre to support use of swine as a model for the production and
penetration use the octanol/water partition coefficient a an reduction of human methemoglobin. A few examples am
index of lipid solubility. LP, however, camot depend upon offered for illustration (Table M). In 1965, Rivkin and
lipid solubility as a route of entry because HAN and TEAN. Sinona0 incubated nitrite-treated red blood cells with
which an ionized at the pH of the skin surface (pH 5), reside vaious substrates. The methemoglobin reduction rams were
almost exclusively in the aqueous phase. similar between human and pig cells in lactate and plasma.

Other procedures for predicting dermal irritation use the The er.zyme responsible for reduction of methemoglobin in
pKe or acid disaoci•atti cormsara. Berner et al.) showed mammalian eryftocytes is nicoinamide adenine dinucleo-
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TABLE II. Metabollem of Pig Eryuvocytes MOtWsNog- l Reduction Inhiiant
Pled Cale

t2 S.D.

Human Hrnwolobinhr P& 2 S.D.A

PNuMs 1.3 (2) 1.6 0.84(8)
Glucose 1.1 0.46(8) 0.5 (4)
Loomse 1.3 (1) 2.0 (2)

al11.3 0.46(8) 1.6 (2)
Mhoss - 0.7 (1)

Buffer 0.2 (1) 0.34 (4)

Suliskas wil hh~1n ff# ue k (MB) R0  RIC
PlM. 2.0 (3) 1.2
Gkuose 13.2 2.2(6) 12 0.6 (2) 1.6
Loomal 1.3 (1) 1.2
1 R 2ie 15.3 .7 (6) 12 6.3 (2 4.0
RbOwn 0.05 (1) 1.4
Buffer 0.5 (1) 1.5
Pluam. kiosi 6.6 (1) 3.3

Awmbe of spealmors tesed appear In parenheses.
sactale co roenftadon 20 PAd'mI; &I othe subsalae mcnenalons 10 phAfn.
CR -with MB - witou MB.
Swas~: RMdn ed Sma(MOM

100
3Newborn

so Adult

~40

Nurse Pig Calls Sheep OuW Red- PrFt RW Mowne Rabi Mon-~voe ad
-olM -pc

PROUUI9. Acivlsy NADH-@..o&omaRsawe is ba ybeys mbm i m (sSM.
Dw DutLo laud g
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tide-linked methemoglobin reductase. In Figure 9, the reduc- Summary
tase activities of several species were measured in hemno- An approach to the development of data to support a risk
lysate pig and human activity were comparable-Y27) In Table asessment on a specific military application of LP has been
IV. activities oftwo different forms of reductase found in both described. The derivation of data for each of the categories
pig and human were compared and found to be equivalent.(28) described includes uncertainty associated with each of the
These illustrations indicate that close parallels can be estab- variables. What is unique to this exercise is that health risk is

lished between the kinetics of methemoglobin fornation and being assessed for a system still in the planning stages, and it

reduction in pig and man. The data from the literature will be will play a major role in determining whether to progress with

compared with methemoglobin formation and reduction in the use of the LP concept.

the LP studies to establish appropriate coefficients.
The final stepin the assessment of risk will be to deter- ReifenH ss

mine standards appropriate to the observed end points and to n nu W.. HawkiMs, f.or Msi Wemlln YPn ratio Pig S andAnimal M~odel for Measring Pmtuaaneoiu Penefalion. In: Swine mid

evaluate the desirability of developing field-expedient first Biomedical Researc. Vol. 1. M. Tumbelson Ed. Pem Press. New
aid measures for accidental exposures. Dermal irritation and Yok (1986).

2. Gross. P.: Biologic Activity of Hydroxylamine: A Review. CRC OCiL
lesion formation should be classified by a military clinical Rev. Touicol. 14(1):87-115 (1985).
physician or dermatologist in terms of levels of injury requir- 3. Witt. W.. Parker. L-M, Tnorman. J.D.; Grosnll. PA-.: Dermul

Toxicity Range.-Fiding Study Using LP!846 Lquid Gun Propellant on
ing self-treatment, trament by a field medic. or evacuation Male Minimm Hanford Pi4. Fund Report FDA-22489-0005. U.S.
for hospitalization. The value of metbemoglobin as an end Army Medical Research and Development Command. Fort Detuick,

point for assessing toxic effects in exposed humans will also F MD (1991).
4. Jagumh, D.R.: Musgenic Evaluaion ofHAN 13.2 Batch # R149/151

be examined. There appears to be some confusion in the in di Ame SubmoiWUMicrosome Ptwe Test. Final Repat.t LI.
literature about the debilitating effects of methemoglobin; Prect No. 20988. Leian Bioneim Inc., Kensington. MD. U.S. Army

Envinunma Hygiene Agency, Aberdeen Proving Caound. MD
older reports draw parallels with carboxyhemoglobin. Unlike (1979).
carbon monoxide-induced carboxyhemoglobin, hydroxyl- 5. Baler. N.; Davis. R. Coem G.: at aL:Determiation of the Acme Oral

LDs amId Dominant Letha Effects of HAN in Mice. Contact No.
amine has been reported to not only produce methemoglobin 82-MD-.41 Omniesare . Inlc. Bal•imore, MD. U.S. Army Environ-
but also sulffemoglobin and vauodilatio.(2"17) Ther is no menial Hygiene Agency. Aberdeen Proving Ground, MD (1982).
definitive agreement on the significance of Heinz body for- 6. Kap D.I, D.- Emeruou.DJ.; Riley, P.Aw Kaplan. AM.: Decomposition

of Four Anmmoium Niulne Propelimm. U.S. Army Nauick Research
mation for exposures of short duration and Development Laboraories. Naick. MA (1983).

TABLE IV. Ncotlnhmlde Adenine Dlnuchewde.Unked Metemoglobln
Reduobe. (NADH.MR) mid NkloUnamide Adenine Dinuceotlde Phosphet-.
LUked Mestuolobln Reductlse (NADPH4.R) Actviies in the Erythrocytee
of Vwtous Mmmaln Specie.

NADH-MRA NADPH-MRA
No.of Mean No. of Mean+

Species Cases S.E.M.0 Cases S.E.M.
Humen Adult 64 2.50 & 0.06 14 0.15*.0.01

Nwborn 26 1.50 0.07 22 0.13*0.04
Come Adut 17 1.74*0.07 14 0.11 10.01

Newbor 7 L.71 0.26 7 029 0.04
Sheep Adlt 10 2.25*0.17 7 0.0610.01
Mas Adult a 2.30*0.14 6 0.17*0.02
Dog Adul 3 .63•*0.10 3 0.11 *0.01
Pig Adul 11 2.50&0.19 6 0.03 0.01

Nram 6 2.17*0.26 6 0.06 0.01
R@W Aduk 10 6.0o*0.16 6 0.28*0.01

Nran 2 6.26*0.13 2 0.30 0.09
'3un pig A" 6 4.65 * 0.20 6 0.29 * 0.04

Nebor 6 4.00 024 6 1.11 *0.12
Rat Adul 14 2.46 0.04 8 0.13*0.01
AThS mmai we eresed s unit of mhiemhog re tme: I unit i equivaletm 1 i nrinol

of mediernoglebi ,eduaedhlnu111V hernaglabbi.
.E.M. - Stdrd Error of go Mer.

Same: A• and Hsiey.(W
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Site-Specific Environmental Assessment

Hank GardnerA and Ken StachiwB
AU.S. Army Biomedical Research and Development Laboratory, Frederick, Maryland 21702-5010,

BU.S. Army Aberdeen Proving Ground, Support Activity, Aberdeen Proving Ground, Maryland 21005-5001

The fbiowing is the abaract of the preseraton by Mr. Assay Xenopus (FETAX) has ben refined with USABRDL
Gardner and Mr. Stachiw. Their paper was not avilable for support. This method allows one to determine the develop-
puwication at thi dime. mental hazard of teat waters by exposing frog embryos to

varying concentrations of the material of concern. The FETAX
Remedlation of historical contamination of the environ- assay allows both the determination of potential human

mrint at various Department of Defense sit is requiring the hazard as well as the assessment of ecological (amphibian)
expenditure of Increasing resources. Many of the sitee are Impact with the same data set.
contaminated with vary complex mixtures of chemicals repre- Mutagenicity assays, acute aquatic organism toxicity
senting a variety of chemical classes. These chemicals and tests, and routine chemical analysis ae also simultaneously
their degradation by-products often present a formidable conducted on the water of intermit affarding a powerful in-
hazard identification problem that seriously challenges the tegrated assessment of hazard. This measure can be used to
pinciples of the classical rik-based calculation approach. prioritize sites for remed•ation; compare pretreatm"ent water
The U.S. Army Biomedical Research and Development with po•ttreatment water, yielding insights into remediation
Laboratory (USA, RDL) has been developing an Integrated efficacy; and provide long-term monitoring data for tracldng
Biological Assessment means for assessing the hazards tends in the potential hazards associated with contaminated
posed bysuch siem. environmental sites.

Integrated Biological Assessment is the result of carefuy Initial applications of the Integrated Biological Assess-
selected in vvb toxicity assays, inWo assays, and chemical mint approach are being pursued at Aberdeen Proving
analyses of specific sutace or ground waters conducted Ground, Maryland. This site affords a number of opportunities
on-site in a mobile laboratory. To assess the potential chronic to conduct this reeearch in an extremely challenging opera-
hazard posed by a ground, effluent or surlace water, a new tonal scnario.
bioassay using two species of small fish has been developed
These vertebrate animals share many anatomical, biochemi- DIiasmer
cal, and genetic characteristics with mammalian animals. The
animals are exposed to a variety of concentrations of the test The views, oplnions, andfor findings contained in this
water and we then sacrficed and examined for evidence of report are those of the author(s) and should not be construed
hitaegical anomalies. The opportunity to perform an as official Department of the Army position• policy, or decision,
on-se, chronic biossasy on the complex mixture of intemt unless w designated by other official documentation.
employing several thousand vertebrate, nonmammalian Research was conducted in compliance with the Animal
animals remains a compelling advantage of this new biows- Welfare Act, and other Federal statues and regulations relat-
my. ing to animals and experiments iolving animals and adheres

el tl toxicity of tot waters is assessed using to principles stated in the Clude for Me Car ad Use of
ananmphibla embryossaoy.TheFrogEFmlbyoTeratogenicity LaboratoryAnknuls, NIH publication 86-23,1985 edition.
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Biologically Based Models in Risk Assessment

Kannan Krishnan, Rory B. Conolly, and Melvin E. Andersen
Chemical Industry Institute of Toxicology, Research Triangle Park, North Carolina 27709

Dose-r-spon characteizaton In the risk assessment or BW1 .() The former is considered as scaling on the basis
process for chemical carcinogens entails extrapolation of ts- of body surface, whereas the latter is direct body-weight
sue dosimetry and tumor response seen at high exposure scaling. In general, these "mandated" extrapolation ap-
concentrations in test animals to humans exposed to much prehes arm used regardless of knowledge of the

owrc enron.The difcut peictin tle pten kowede f hhuman tumor incidence aises fiom intpredcting ditferences mechanisms of disposition and toxicity of chemicals. Then tissue susceptibility and from the dose, species, and/er uncemtintes associated with the conventional dose-responseexposure-route dependency of chemical dospo sitei. These assessment can be reduced with a mechanistic understanding
extposlation are usuapny onfucte dispositin. " Tem of the disposition and action of chemicals. This can effective-
models, a linearized, multistage, cancer model for low-doss ly be performed with the development of biologically based
extrapolation and a body surface or body weight correction for models for tissue dosimetry and tissue response.
interspecoe extrapolation. In recent years, there have been
several attempts to provide an increasing level of biological Biologically Based Dosimetry Models
realism to these extrapolation models. Biologically based
doeimetry and response modeling approaches enable iden- Biologically based, tissue dosimetry modeling involves
tfcation and characterzation of cri determinants of the development of integrated mathematical descriptions of
chemical disposition and tissue response and form a the complex interplay of physiological and chemical-specific
mechanistic basis for dose, species, and axposure-routs ex- factors involved in the uptake and disposition of chemicals.
trapolations. This paper briefly outlines the utility of biologically In this approach. the body is divided into a number of tissue
based models in predicting tissu dosimetry and response compartmens, characterized with appropriate blood flow and
and provides an example of the use of biologically based solubility characteristics (Figure 1). When blood flow is
dosimetry models in cancer risk assessment for methylene rate-limiting for tissue uptake, tissues are described as
chloride. hmogmemus, wel-mixed compartments. If. however, dif-

boo uct on fusion is rate-limiting, both tissue blood and cellular matrix

are described sepanaely. The rate of change in the amount
Risk assessment is the process of determining the prb- of chemical in these subcompanments is described by a set

ability and magnitude of adverse health efects associated of mass balance differential equations of the following form:

with human exposure to chemicals. The process of risk as- For tissue,
aesament is conducted in four parts: hazard identification,
exposure usessamet doe-respornse assessment, and risk Rate of change in the amount of chemical
c tW7'o.( ) Once a substance is idrnified as hazard- in tissue matrix
ous, the health risks associated with human exposure to din Net fisue flux from blood

chemical wre characterized by combining quantitative infor- + Rate of formation
- Rate of metabolismmation on its exposure levels and doe-response relationship. - Rai of cliarance (1)

The doe-response ass•essme provides the critical piece of
irdfomtion; namely, the nafur and extent of adverse health r in tissue,
effects ssociated with chemical exposure. This p ccess in- Rate of change in the amount of chemical
cides the extrapolation of response incidence rates observed in blood -
at high dosm to those expected at low doses in teat animals Net flux from tissue
and the extinpoliaon of toxicologically equivalent dose from + Net rllention from blood flow (2)
tant animal to humns. If the diffusion from blood to tissue is slow with respect

In conventional cancer risk assewsnent, the high-to-low- to total tissue blood flow, both equations are necessary. If
dose extrapolation is performed using a linearized, multistage blood flow is slow with respect to diffusion. these two equa-
model, ad interspecies extrapolation is conducted usin a mosreducetoasingleequationtodescribetheraeofchange
cmverion factor band on body weight (BW). usually BW"- amount of chemrical in whole tissue mass.
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convrtmnt.ifappropriate, as in the case of methylene

. a the chemical laves this lung tissue coun-
PUtiet via the systemic arterial blood with cne oxidation
Ca and is delivered to all other organs (Figur 2).

This type of biologically based dosmetry model has
been developed fora number of individual chemicals and also conjugation
for binary mixtures of chemicals with toxicological proPe-
tiM.(4) The principal application of the biologically based
dosimetry models is to predict target Ussue dose of the toxic
parent chemical or its reactive metabolite. Using the internal
dome of the toxic moiety of a chemical in risk assesunent 0 1000 2000 4000

calculations provides a better basis of relating to the observed INHALED CONCENTRATON
toxic effects dtn does the external or exposure concentration (ppm CHCb)
of the parent chemical. Because biologically based dosimetry MURE 3. ,Sdcma=i wimmuic. ole model PidcOM of tt• ie of
models facilitate the prediction of target tissue dose in people, MMb ol iefhownedm via glMsdoe cMAP& j Wd oxidaiv
they can help reduce the uncertainty associated with the pstbwa a varw= exposue conceaam.
conventional extrapolation procedures. Such an application
has been demonstrated with dichloromethane,3) which is metabolites derived from both these pathways would be
discussed below. nonlinear in the exposure range of 0 to 4000 ppm DCM.(3)

Oxidation quickly saturates, so its contribution is essentially
BiolOgky Based Dosimebry Models unchanged from 2000 to 4000 ppm. With the GSH pathway,
in Risk Assssmenft Anl ExwJpl there is little contribution until the oxidative pathway

Dichloroethane (CH2CI2; methylene chloride; DCM), saturates at about 300 ppm, then its contribution increases
caused liver an lung tumors in mice exposed at 2000 or 4000 linearly with increaing exposure concentration (Figure 3).

ppm, 6 hours/day for their lifetime.0) DCm i metabolized Tissue exposure to DCM itself also increases linearly with
by two processes: I) oxidation, leading to the production of dose between 2000 and 4000 ppm.

highly-reactive formyl chloride, as well as carbon monoxide When tumor incidence was compared to the calculated
and small amounts of carbon dioxide and 2) glutathione tissue exposure to mnetabolites derived frino these two path-
(GSH) conjugation, yielding chlomethyl glutathione, ways (as the amount of DCM metabolized by the path-
another reactive intermediate, and carbon dioxide as an end way/organ volume/day), there was a correlation of tumnor
product.,) Either of the reactive metabolites resulting from incidence with the GSH conjugation metabolites but not with

oxidation or GSH conjugation could be involved in the the oxidative pathway metabolites (Table 1). Furthermore, the

mutagenic changes leading to cancer. In the biologically GSH pathway, and not the oxidative pathway, had been
based dosimet&y model for DCM, these metabolic pathways associated with mutagenesis in bacteria, 1 and more recently,
were described according to their different kinetic charac- formaldehyde forned from the GSH pathway has been shown

eristics. DCM metabolism in lung and liver was described to react with DNA at least in the liver of the mouse.(1°) Based
with a saturable term for oxidaion (Vmax, Km) and a linea on the available body of evidence, the metabolite(s) arising

term (Kf) for reaction with GS., Thus, from the GSH pathway were believed to be related to DCM
rinogenesis. The subsequent risk assessment for DCM

RatM of DCM metabolism - was then conducted on the basis of the estimates of the tissue

Vmax x CVt +Kfdose of DCM-GSH conjugate predicted using the biological-
Vmax + Cv + Kf x Cvt x Vt (4) ly based dosimetry model."3)

The target tissue dose of the metabolite arising from the
where: Vmax a maximum enzymatic reaction rate for GSH pathway at low doses of DCM was calculated using the

oxidation (mgilr) biological dosimetry model, and its relationship to tumor
Km - Michaelis constant for oxidation (mg/L) response was examined using a linearized, multistage model.
Kf - first-order rate constant for glutathione The high dose to low dose extrapolation of tissue concentra-

conjugation (per hour) tWin of DCM-GSH metabolite was highly nonlinear beause
Vt - volume of the tissue (L) oxidation, not GSH conjugation, is favored at low DCM

exposure concentrations. Intspecies extrapolation was also
At low expomure concentrations (Km > > Cvt), the effective carried out basd on a presumption that a similar, daily, tissue
ras co1ansMt for oxidation (Vmax/Km) is nerly 100-fold don of DCM-GSH metabolite would give rise to a similar
higher than that for GSH conjugation (KF). The biologically tumor oucome regardless of the species. This biologically
baued dosimetry model predicts that the tissue exposure to baend approach leads to a prediction that the human tissue
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TABLE L Tumor Incience arnd Calculated Tissu Dose of Dlchworne~thmne
(DCM) and Re Metabollimee Following Inhuletlon Expoeure of 0, 2000, or
4000 pp.. DCM In Female Micea

Tissue Dose
DCM (Amount In mg1L llssueiDay)

Exposure Tumor GSH oxidative
C~oncentration Incidence () Pathwy PathwNay DCM

A. LIVER

2000 33 681 3575 362
4000 83 1600 3701 771

L. LUNG
0 6--

2000 63 123 1531 361
4000 as 256 1563 794

dose of DCM-GSH conjugate would be significantly less Accordingly, die normal cells first progress toan intermediate
than that of the mouse at equivalent exposure cocnros cell type after asingle mutation. The intermediate cell popula-
This conclusion contrasts to tharobtained by the U.S. En- tion may have diffrent growth characteristics fromi the nor-
vironmental Protection Agency (EPA) which estimates that mal cells but is not malignant. Thbe s.acond mutational event
people are more sensitive than mice based on the use of a body produces cells of a malignant genotype that lead to neoplastic
surface are scaling factor. (1) uwom atifn~ (Figure 4).

In the DCM risk assessment conducted with the target Thie use of this biologically based cance response model
tissue dose estimated using the biologically based dosimetzy in risk assessment requires qusntitativg information on the
model. the predicted human low-dose cancer risk was about critical parameters involved in the process; namely, the birth
100- to 200-fold less than tlkit redcted by EPA using die -anddh rates of cells and the mutation ra1 associated with
standard default assu~mptions. Since 1987, severfal refine- the produton of indeuxiuyad maignateclp opulatiaon.
ments of the risk estimates have appeared based on improved!

measures of DCM metabolism in to anml n pol 8 Because the parameters of the MVK model are interpretable
The differences between the default and physiologically in biological terms., it is possible to examine dhe carcinogenc
basdPWII~lnd P K-ased * aesmn potency of chemicals that alter one or more of these
though we still of the same range, about two orders of parametes. For example, certain chemnicals act as genotoxic
miagnitude even when the new enzyme activity datm we agents increasing die mutation rates (jiL 1. i2); others such as

coý VI1.12) die cytotoxicants, alter cell death and birth r atsQl.acfl2.P,

Even though the biologically based dosimetry modeling 02k and. yet, others (e.gX, promoters) convey growth ad-
approach provided the link between external exposur con. vantages to the intermediiate cell population (o2. 02). Be-
centration ofDCM mand trare tissue exposure to its potentially cause chemicals often act by more than one mechanism, each
reactive metabolite, the low-dose extaspolation of th of which may be dos.-dependent, the incorporation of quan-
relationship between tised os ftemtoies n titative information on the critcal determinants within a

tuio repos wa stl codce usngth inwie, biological modeling framework enables the extrapolation of
multistage model. An imnproved strategy would be to develop the relative role of the various mechanisms for different
biologically based response models to provide the link be- exposure scnriPWos.
twig. PBK-based estmate of tissue dosimetry and

81lod@kildy Based Response Models ,1 I f 1P2A
Biologically based response modeling involves the K)

development of mathematical descriptions integratin the an
critical clem mits of the series of evert leading to the induc-
dion of tissue response. An example of this rpa ýppr h is tho MUE4 Sdms j~ow-op bolp kw-Vwu&4m-l h=da=

Moopva-Vn zoda on O"K woq w so"u NO NI. cad N2 m som ac dis immdieh cab via a dnb
~.~(I) Tismodel describes caclognesis as the end iisiyP upuam acm~mlq-mcy a inpum callbkorenscd p

fault of two critca events that c a -sp-PnAu to mutations. dw mmi dewmat 'fMa d, (IM lnci W(20b
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Discussion model are then scaled, and the chemical-specific parameters

A preequisite for extrapolation of theare determined for the species of interest (e.g., humans). The
and p eqnsit boehavior of chemicalsis the i model description remains the same, the animal model serv-

tficaton and characterization of the critical determinants of ing to identify the critical biological determinants of the
themprocesss ind dietestspecies. ofThe indetegrationn of tim kinetic processes. Because of the biological reality of the
these processes in the test species. The integration of model description these dosimetry models can be used to
determinants within a biological modeling framework examine interindividual differences in chemical disposition.
enables rthe exposureroute, high-dose-to-low-dose, and in- ~i aadpsepsr e

fersecis exraplatons f te dspostio an, acionof terspecies differences in metabolism, and postexposure me-
tsemicals. etabolism of lipophilic chemicals. These processes cannot be
cheicals adequately accomodated or described with the use of the

In biologically based dosimetry modeling, the specified conventional allometric scaling approach.(16)
conparments are biologically relevant, arranged in an The principal application of the biologically based
aatomoically accurate m ner, and defined with appropriate dosimetry models is in the prediction of tissue exposure to the
physiological characteristics. The compamments may repre- toxic moiety (e.g., parent chemical, reactive metabolite, mac-
sent a single tissue or a group consisting of several tissues romolecular adducts) regardless of the dose, exposure route.
with similar blood flow and solubility characteristics (e.g., and species. In the DCM example presented in this paper, the
adrenals, kidney, thyroid, brani, heart. and hepaPortal sys- low-dose extrapolation of the tissue response was conducted
tem are usually pooled into one compartment and are referred with the linearized, multistage (LMS), modeling approach.
to as richly perfused tissues). Even these models represent The improvement over the conventional methodology is that,
some level of simplification of the ame complexities of here, the independent variable specified in the LMS model.
biological systems.05) "dose," is not administered dose or inhaled concentration; it

The use of a biologically based, dosimetry modeling is the tissue dose estimated with the biologically based
approach for interspecies scaling of pharnacokinetic be- dosimetry model (Figure 5; Path 2a) and defined with some
havior of chemicals involves several steps. First, an animal perceived mechanism of action of the carcinogen. The uncer-
model is developed to describe the uptake and disposition of tainty associated with the low-dose extrapolation using the
the chemical. The physiological parameters in the animal LMS procedure can be addressed with the use of biologically

Administered Tumor
dose response

• PBPK model •-•Target tissue0 LMSmodel

PICK= 5. Il kWm o ad vumia chn in h-.do uumanmqlw of cbclmm y mhdmed inwipwmmis (I) nTohendami appenh
m Ite ,,, NmInal do I; m Hm n w t w - aciddm Wmb rmgs *a Iad. muluiumg (LMS) mod. (2a) Mw phymolog.
k d.y bust pIukmmswdmc (PBIPK) .oddeld qpmh iow hm B di dmohmay moddl pdiacwt u t em de g iD m d
L&U • u w rn m,,,- mm i~dam tmb. ('),n ama e n =amp wd wte d %d*• IIy b•d doey (PBPK)
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based response models. The dose-response relationship used appropriate; dose surrogate for target tissue exposure. the
in the LMS procedure is not derived from any contemporary response model provides the quatitative linkage between the
biological theory of cancer Induction but is a consquence: of series of events leading to the development of a tissue
curve fitting to fitthiseuuordata to the multistage polynomial. response.: 1"9 lFurthe. target tissue exposure: to the toxic
Flurther, the use of LMS procedure in risk assessment does moiety predicted by the animal dosimetry model can be
not permit incorporation of important experimental observa- related to the response model by a quantitative definition of
dions other than turnor incidence data (eg., cell proliferation), the mechanism of actan (eg., DNA reactivity), Finally, the
In contiast, the parameters in the MVK model. as in dhe allowable exposure concentration of a chemical that cor-
dosimefty models, are interpretable in biological term&s and responds to die target tissue dose of the toxic moiety sas-
therefore, relevant informastion Obtained from experiments socisatd with a projected excess incidence of tumors (e~g.,
suipplemelwntary to the clwonic animal -iasascan be incor- onie in a million) is deternnied with die human dosimetry
porated into the risk assessment prcess.7" model.

The linkage of tie biologically based dosimetry and Biologically based models can be used as; tools for
response models with a quantitative definitionI of the hypothesis testing. For example, die dosimetry models can be
mechanism of action would furthe enable the extrapolation used to teat die utility and appropriateness of the conventional
of both chemical disposition and tissue response at various extrpolaton procedures used for a particular chemical.
doses. exposure romss and species (FigureS5, Fath 2b. Figure Thus, allowabl exposure concentrations for humans derived
6)In thiis approach, the animal models serv to identify uidl with the biologically based dosimetry approach con be cam-
characterize die critical biological detenninanits of disposi- -on to those Obtained using dhie body surtace correction and
don. mechanism of action, mid twnissue repnseP Whereas the LMIS procedure For certain direct-acting chemicals, which
utimal dosimetry model embles die Identification of the -detoxified by enzyme-mediated metabolic processes, it
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many be that dhe conventional approach is satisfactroy, Guidelones. Regul. Toxicol. Phutnacol. 9:230-235 (1989)

whereas in other cases where a saturable metabolic process Bae brsointc n h Risk AsseaL:n Ptysi forial
yields the toxic moiety, the conventional methods might Methyleti Chloride. Toxicol. AppI. Pharmcl. 87:185-205 (198n)
ovepividct the health risks associated with human exposure. 4. Leung. H.W.: Developm~ent and Utihrzati of Physiologically Based

Phermacokinefic Models for Toxicological Appibcation. J. Toxicol.Similarly, the adequacy of the quantitative description of th Enio. Health 32:247-268(1991).
mechanism of action can be tested with experimental data on 5. Nauional Toxicology Program Toxicology and Cacinogenesis Studies
tissue response. When the model fails to predict the observed of Dichloromnethaaie in F-344 Rats and DEC3Fl Mice (Inhalation

data itindcats a incmplte ndestadingof ~ieproe-Studibs). NTP TR No. 306. NTP. Research Triangle park. NC (1985).dats itindcats a inompeteundestaidig o th prces 6.Kubic. VI..; Anders, M.W.; Engel. R.L; et aL: Metabolism of
ses and the biological determiinants involved. The adequacy Dilinlometuanes to Carbon Monoxide Drug Metsab Duspos. 2.53.
of a model description depends on the purpose for which it is 7. Gerges. M.L; Andersen. M.L; Qlewell. HJ. Metabolism of Inhalde

intededandthedeph o unersandng f te citial om-Dilislornethane: Differendauaon of Kinetic Constants for Two Inde-intededandthedeph o unerstndig o th crticl cin-pendent Pathways. ToxicoL. Appi. Plurmuacol. 87:211-223 (1986).
ponents of the process. Unlike the "mandiated" mathematical LReitz. R.H.; Mandrela. A.L; Park. C.N.. et. al: Incorporation of in vitro
models used in conventional risk assessment, the biologically Enzyme Daom into Physiologically Based Pharmacokinetic Model for

base moelsare erstil an oftn, ut ot lway, dffiultMethylene Chlooide: Implications for Risk Assessmeni. Toxicol. LAM.base moelsan erstileandoftn, ut ot away, dffiult43:97-I116(1938).
to validate. In contrast to the "mandated" models, which are 9. Green. T.: The Metabolic Activation of Dicluloronerhane and
useful onyfor geeaigars ubr h ilgclyChlorotrifluoromethene in a Bacrial Mutation Assay UsingSablinoea

bn monesaly w gentegrationg a f vrisk s nu bservathbiologically TyphirnuiunLi Mutat. Res. 118:277-288 (1983).
base moels llo intgraionof vrios obervtion, len- 10. Casanova. M.. d'Heck. H.; Deyo. D.F.: Dicbloromehane: Metabolism

tification of critical data gaps, and estimation of risk numbers, to Formaldelhyde and Formation of DNA-Protei Croalinks in Mice and
along with attendant appreciation of areas of significant Hamnister. Toxicologist 11: 180 (1991).
biological uncertainty. 11. Singh. D.V.; Spitwe. H.L. White. P.D.: Addendumn to the Health Risk

Assessment for Dichicewnethumi. Updated Carcinogenicity Assessment
for Dichlororneilane. EPA/600j8-82=V4F. U.S. Enviromnnenual Protec-

Summary don Agency, Washington. DC (1985).
12. U.S. Enviromenetal Protection Agency. Updat to the Health Assess-
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Physiologically Based Pharmacokinetic Modeling
and Risk Assessment: The Case of Trichloroethylene

Bruce C. Allen
Clement International Corporation, 1201 Gaines Street, Ruston, Louisiana 71270

The following is the abstract of the presentation by Mr. Allen. TCE is, at least in part, due to production of TCA. Several
His paper was not available for publication at dt$s we. dose surrogates based on TCE metabolism and TCA produc-

tion were considered for use in cancer dose-response model-
Physiologically based pharmacolknetic (PBPK) models ing. The values of those dose surrogates have been predicted

have been developed for describing the behavior of trichloro- by the PBPK models for exposure levels used in car-
ethylene (TCE) and its important metabolite, trichlomacetic anogenicity bioassays and for exposures of concern for
acid (TCA), in rats, mice, and humans. Salient features of the humans. The use of the PBPK model predictions have been
models include the saturable metabolism of TCE, the repre- used in conjunction with an uncertainty analysis and the
sentation of TCA production as a proportion of that metabo- impacts on TCE risk estimates have been investigated.
lism, and the representation of TCA kinetics with a single Further information on this subject can be found in
volume of distribution that is apparently nonlinearly related to AAMRL-TR-90-72, Volume U, "Oevelopment and Validation of
body weight in humans. Methods for Applying PK Data in Risk Assessment: Trichloro-

TCA has been shown to be carcinogenic when adminis- ethylene," which is available from the National Technical In-
tered to rodents and it is assumed that the carcinogenicity of formation Service (AD No. A237366).
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Cancer Risk Assessment with Intermittent Exposure
Duncan J. MurdochA Daniel Krewski,BC and John WargoD
A Deparnme of Statistics and Actuarial Science, University of Waterloo, Waterloo, Ontario, Canada N2L 3GI;

-Health Protection Branch, Health and Welfare Canada, Ottawa, Ontario, Canada KIA OL2, %Department of
Mathematics and Statistics, Carleton University, Ottawa, Ontario, Canada KIS 5B6; DSchool of Forestry and
Environmental Studies, Yale University, New Haven, Connecticut, U.S.A.

Applications of methods for caronogenic risk assessment and cell kinetics over time.
often focus on estimating lifetime cancer risk. With intermilttet There ae many sources of temporal variability in human
or time-dependent exposures, lifetime risk is often ap- exposures. Occupational exposures may occur only in the
proximated on tie basis of a lifetime average daily dose workplace and fora small part of a person's working lifetime.
(LADD). In this article, we show that there exists a lifetime Similarly. accidental exposures may be of very short dura-
equivalent constant dose (LECD) which leads to toe same t. Die exposures to food additives and contaminants
lifetime risk as the actual time-dependent exposure pattern.
The rato C - LECDI.ADD then provides a measure of ac- we dependent on consumption patterns that change with age.
curacy of risk estimates based on the LADD and a basis for availability, and lifestyle.
corecting such estimates. The application of the risk assessment methods discussed

Theoretical results derived under the classical multistage here is illustrated in the "Applications" section, using two
model and th two-stage birth-deab-mutation model suggest examples in which exposure patterns vary overtime. The first
that the maximum value of C, which represerts the factor by example involves exposures of adult astronauts to volatile
which the LADD may lead to underestimates of risk, will often organics in a closed space station environment for a relatively
lie in the range of two to fivefold. The practical application of short period of time. The second example focuses on dietary
these results is illustrated in the case of astronauts subjecte exposure to pesticide rdsidues in chilcrn, which can differ
to relatively short-term exposure to volatile oaganics in a notably from that of adults as a consequence of different
dosed space station environment and in the case of the notary hat of adul e ws a lsonsequed o explore
ingestion of pesticide residues in food where consumption cietay habits This lane example will also be used to explore
patterns vary with age. the effects of tissue development during childhood.

Itrodution Models of Carcinogenesis

Most long-term carcinogen bioassays am conducted by Multistage Model
administering high doses of the test substance to animals at a
constant rate for a large fraction of their natural lifetime.(I) The multistage (MS) model assumes that neoplastic
Interpting the results of these biosays in human context ransformation of a normal cell requires the occurrence in
requires at least three types of extrapolation: from high ex- sequence of k biological events" Cnumnp and Howee4m
perimental doses to low env netal doses; from animals showed that under time-dependent dosing, the MS model
to human; and from constant dosing rates used in laboratory pidicts a cumulative hazard at time I of approximately
studies to intermittent or variable dosing pattes experienced t ri 2 &
byhumans.Inthispaperriskassessmentmethodsthatnmy H(t)= J.. IJ (a,+bid(ud)ldu" 'du, (1)
be used in the last type of extrapolation ae considered. o" 0 i-1

The effects of variable exposure will be examined within whem the transition rate ai+bid(u) ) are linear func-
the context of the Anmitage-Doll multistage model12) and the tions of the instantaneous dosing rate d(t) at time t. Tfhe
Moolgavkar-Venzon-Knudson two-stage birth-deah-mu- pi lt of de vlpncane r by age t is then
tation modeL0 , The multistage model has been extended to probability of developing cancer by ae t is then
the case of time-dependet dosing by Crump and Howe; 4 ) PW = I -up[-HR)4 (2)
similar rmults for the two-stage model have been given by
Thoralund et aL() In the "Models of Caringei" section, I follows fomn Equation 2 that P(t) - H(t) when the cumula-
the mathematical development of these models is reviewed yive tumor hazard is small.
as described in Murdoch and Krewski,(6 with special en- One of the objectives of carcinogenic risk assessment is
Phiasis on the importance of changes in tissue growth fate to estimate the excess cumulative lifetime risk because of a
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"panicular time-dependen exposure pattem. The excess
lifeime risk is defined as the risk in Equation 2 evaluated at
that time t corresponding to the life expectancy of the species -W.
of interest (e.g., 70 years for humas), less tde lifetime risk in ra--
the absence of exposure. In this article, we will approximate rw4
the excess lifetime risk by the corresponding excess cumula- Fro
tive hazard at time t. roeMurdoch and Krewski( ) showed that when only one of •I - ,

the transition rates depends on the dose, the cumulative
hazard function may be written in the following form:--

H(t)( = a(t + bt (3)

The cumulative hazard in the absence ofdosing is represented/ S. \
by .*

a(t)=(tkAl!) I- Nia.
0 0 40 so

and b is a constant measuring the effect of dosing on the
dose-dependent stage in the model. The quantity )

I FIGURE 1. Tim rulaive efibcdvmse fiucdon r(u) for the MS Model (with

d;= 0 d(tu)ru;t)du (4) k 1 6 stes smp rduue-depmndem and t-70 yem)

represents an equivalent constant dose which, if administered fepent ages to lifetime risk. In this regard, the relative con-
at a constant rate over the interval [O0], would result in the tribution to the lifetime risk (RCLR) of dosing at time t is
same cumulative hazard at time t. The relative effectiveness defined by
function r(u;a) measures the relative effectiveness of dosing RCLR = d(tu)K(utYd*(t) (7)
at time in (0 e u e 1).

In the MS model with k stages, whem stager is dose-do- Note that the RCLR takes into account the effects of the level
pendent, the relative effectiveness function takes the form of both the level of exposure and the relative effectiveness of

( uthat exposure at each time t. Inclusion of the equivalent

-k!ur- 1(5 -) k-r constant dose d*(t) in the denominator of Equation 7 renders
theRC.Ainependentpoftheunitsinwhichdoseismasured.
Comparison of RCLR values at two different points in tim

independent of t, the equivalent constant dose is given by reflects the relative contribution of exposures occurring at

I 1 those times to lifetime risk.

0 48Oudu ) Tw-Sae, Bli Death-M n PAlde

Murdoch(7) has defined relative effectiveness functions The two-stage, birth-death-mutation (BDM) model is
of the general form (Equation 3) with r(u;t)=r(u) independent similar to a MS model with k - 2. with explicit provision for

of t as scalable, since these models allow the cumulative the number N(O) of normal stem cells at time t, and the net

hazard at different times to be calculated by simple rscalin$ birt rate 8(r) of initiated cells which have undverone the first
Scalable relative effectiveness functions require much less trnformation.(8 ) Murdoch and Krwskim showed that
data to estimate nonpaametrically than a general time-de- when only one traithon raft is d the cumula-
pendent relative effectiveness functiaon. tive hazard can be represented in the sane form Equation

Examples of the relative effectiveness function r(u) for 3 with a(t) and d(O) defined in terms of the BDM model.
the MS model with k - 6 and r = 1 .....6 am shown in Figure Applications of the two-stage model in carcinogenic risk
I. Note that when an early stage is doe-dep early assessment have recently been reviewed by Krewski at al.(9)
exposures are morn effective than late exposures Conversely, With the firs sua doe-dependen, we have
lee exposures are morm effective when a later stage is dose-deperidet, r(u•t)= l f12("UU;t)dU (8

In addition to the cumulative lifetime risk. it is of interest
to determine the conributon of exposures occurring at dif-
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where: f12(U 19Uit) = W(UVU 2;tyk(t) (9)0
Hlcu < U2 < 1), ______

(6.10

180 = -211 J5 2w(ultu 2;t)duidu2  11

The cumulative net birth rate of internediate cells from time:
010o time t is represented by

T~) 10 _______________

Whe di seondstage is dose-dependenit, then

,(u;t)= J~f12(,u19~tdu 1  (12) Age b a

Under the simplifying assumptions that N(t) a N and FiGURE 2. Tim reluadw eibveuu function r(u; t for fte BDM model
8(u a wecostat, e hve(with she &uw stop d=a dqmneaim ud tbs aaunuheve net barth rme of
8(u)Wine cal eare costno we hav t -70 yours)

Ku AC (13) until after adolescence.

Growth in cell mass can be assessed by comparing tissue
or weight to DNA contenL.( 12 ) Thiis approach to distinguishing

between increases in cell number and cell size is difficult to
-1;. (14) apply in mamnmalian liver because of the formation of multi-

nucleat cells as well as cells with single nuclei, but with
diploid or tetraploid amouints of DNA (polyploidy).

when the firs or second stage is, respectively, dose-depend- Regarding N(t) as the number of normal stem cells may
CInL.6 As Indicated in Figure 2, early exposures am more also be an oversimplification. Moolgavkar and Luebeck~a
effective tha late exposures when the first stage is dose-de- note that this is Inconsistent with the assumption that mutation
pendent. Here, A6 represents the cumulative net birth rate of occurs during cell division, because the mitotic index (the
initiated cells per lifetime When ,6- 0. the relative effective- per-cell rate of cell division) varies over time. For example,
ness function is equivalent to that in a MS model with k - 2 Ellwein and Cohen(' 2 ) report approximately 100 times higher
and r - 1. Although the relative effectivenms function for the mitotic indices in stem cells in week-old rat as, compared
3DM model is bounded above by A.~ infonmation on the with rats 8 weeks of age. The estimation of mitotic rates based
maximum biologically plausible value of 8 is lecking~ on DNA Incorporation of tritiated thymidine during cell

While the assumptions that N(t) mWi 5(t) am constant division is discussed by Moolgavkar and Luebeck.( 9 )
expedite the mathematical analysis of the 3DM model, these When specific Information on N0t) is unavailable, a
assumlptions am oversimplifications of reality. Uinesco and rough surrogate for the nunber of stem cells in the target
Ljbla(I0) found that the numbers, of cells in most rat tissues tissue is gross oigan weight. This latter indicator has the
increase with age up to approximately 3410o48 days of age, advantage of being readily available for humaaus but does not
at which po tissue san stars to stabilize, take into account hypeitrophic effects or changes in mitotic

In addition to increases, in cell number (hyperplasia), Indices with time
tissue growth can occur as a result of an increas in cell size .In general, very little information is available about the
(bypertrophy). Although hyperplasia is primarily responsible kinetic of initiated cells as represented by their net birth rate
for initial tisegowth, the rut of cell division derae Q" ntain~romndt assalys MaYprvesoedec
wit W(" ) The development of tissues tho am not self- inormationl on the birt and death rates of Initiated Ccells In
renewing ceases, when maturity is reached. Some tisses such the moueliver sytemdescribedby Piwtot ndDragan,"foci
as the brain ame fully developed in early childhocod, whereas thaugtttoconuepondtoclonesofpremaligwnatinititd cells
0d111s such as the skeletal system do not achieve maturity can be identified hisutolgially. Such assays have been used
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in liver, urinary bladder, and skin but are not well developed
in other tissues. The statistical use of data on initiated cell
kinetics in fitting the BDM model is discusaed by Moolgavkar o tn1to
et aLO) ad Luebeck et al(1S) ad

Murdoch and Krewski(6) explored the results of assum- ..... 0.0
ing a constant rate of proliferation of intermediate cells, on-$
independent of age, while Krewski and Murdoch(16) assumed D - 6.-to
that the net birth rate was a constant multiple of the birth rate
of normal cells. In this paper, we consider an intermediate
approach with

where: 5N(t) = net birth rate of normal cells at time r calcu-
lated on the assumption that all changes in
tissue weight are due to changes in cell num- o
ber rather than cell size ,

8 a constant representing the excess net birth 0 20 40 60
rame of intermediate cells

This choice is based on the assumption that intermediate cells Age (yeas)
will respond to their microenvironment in essentially the FIGURE 4.(eMW H effeuivmm ottie-deqmsdmndosin in daBDM
same way as normal cells do but will be slightly more (8 > 0) modd (widh d• nm sup doe e N(O) aradi to fiverm Wht.
or less (8 < 0) successful at proliferation. Under these assump- 8(t) waisfyin equaea 15, ad t = 70 yeui).
tions, then

w(u l,2t )- N(t 2p[G2 - u 2 )6I (16) tion in N(O2) in Equation 16.

For illustrative purposes, assume thstN(t) is proportional Appikalomn
to human liver weight, as shown in Figure 3. The fitted curve
represents acontinuously differentiable spline function(17) fit In this section. we indicate how the hnes" ical results
to the original data reported by Snyder et aL()1 8 The resulting pnted in the "Models of Cs" section may be
relative effectiveness functions shown in Figure 4 ae similar exploited in two specific applications. The first example
to those based on Equation 13 because the inclusion of the involves astonauts working in a space-station environment

SNf) term in Equation 15 tends to compensate for the varia- for a limited period of time and their exposure to chemical
contaminants in the space-station atmosphere. In the second
example, the impact of changes in tissue growth and cell

Skinetics on the potential risks of childhood exposure to pes-
Sticide residues in food an considered. Consideration is also

* given to the effects of changes in food consumption patterns
with age.

Spacewuft Mabximum Ala wabd ConcentraVo
The National Aeronauics and Space Administration

(NASA) is planning to place a manned space station in Earth
orbit by the mud-1990s. Because the space station is a closed

vUinPmnt, same contaminaion of its atmosphere is in-
* ivtble. Possible soures of containation include off-gss-

ing of cabin materials and metabolic waste products of crew
members. Although most soures of atmospheric contunina-
dtn wil release only small amounts of chemical con-
tmninnmu ino the air. these contnminants may accumulate in

o d o closed ac•tan vmL
The U.S. Nation Rearch C wUl('9) has ber wor-

A & *g with NASA to develop methods for establishing
FUouI 3. Hlý Mw wW ma a sis claWa spLeft maximum allowable c aonctatns (SMAC) for
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pac-station contaminants. Because astronauts will spend a The methods of the "Models of Carcinogenesis" section
maximum of 180 days in the space station during a single were used to calculate the correction factor C at age t=70
mission. there is a need to develop air quality guidelines that years for the MS model under the following assumptions.
address these itemittenti exposures. • The age at the start of exposure is 25, 30, 35, 40, or

Here, we focus on the question of establishing exposure 45 years.
guidelines for carcinogenic substances present in the atmos-
phere for astronauts working in the space station for periods • The duration of exposure is 1, 30, or 180 days.

of 180 days or less. Following the National Research Coun- • The number of stages in the model is k = 1 ..., 6.
cil.( 19) we will assume that an astronaut would be at least 25 • The dose-dependent stage is stage r = 1,..., k.
and at most 45 years of age at the start of the mission.

One approach to risk assessment with intermittent ex- The values of C obtained under the above assumptions
posuoes is baned on amortizing the total dose expe'enced are shown in Table I for the case of a 30-year-old astronaut.
during the time period of interest over a lfetime.•n Risk These calculations reveal two important findings. First, there

estimates are obtained by multiplying the lifetime average was almost no difference in the values of C for the different
daily dose (LADD) defined by durations of exposure, when the other assumptions are held

t constantL This is not to say that the model predicts the same

4d-t-' AU)du (17) risk from 1 through 180 days' exposure, but rather that it
t 0predicts that the risk is very nearly proportional to the length

of exposure period within this range. This follows from the
by a measure of carcinogenic potency derived from a fact that the r(u;t) functions are rather smooth in the MS
laboratory bioassay with constant, daily, lifetime exposure. model, so that they am nearly constant over relatively short
Except in very special cases (r = k = 1 in the MS model), the time intervals (6 months or less out of an expected lifespan
use of the LADD will not lead to the same risk as the lifetime of 70 years).
equivalent constant dose (LECD) defined in Equation 4. The second striking feature of these calculations was that

In the case of a single, linearly dose-dependemn transition the largest value of C was 2.06 (Table I). Even though the MS
rate as considered in the previous section, the ratio of excess model with k = 6 may theoretically require correction factors
cumulative hazard due to the actual exposure experienced to of up to 6, these do not arise for dosing in mid-life. It should
the excess hazard based on dose anmotization is also be noted that the value of C can be as small as 0.09,

LECD indicatng that the LADD can substantially overestimate the
C= (15) actual risk corresponding to the LECD. Since the purpose of

LADD the present analysis is to ensure protection of astronauts

calculated at the time t of interest, against increased cancer risks, we will focus our attention

TABLE L Valm of the Rato C aLECDILADD for the MS Model with Stage rof k Dose.
Dependent for 30-Yeu'-Old A stmnt

Stage Duration
Affected of Exposure Number of Stages k

r (days) 1 2 3 4 5 6
1 1 1.000 1.143 O.960 0.746 0.533 0.365

30 1.000 1.142 0.978 0.744 o.S31 0.364
160 1.000 1.136 0.968 0.733 0.520 0.355

2 1 0.857 1.469 1.679 1.599 1.371
30 0.8" 1.470 1.678 1.597 1.367

160 0.664 1.472 1.672 1.563 1.348
3 1 0.1 1.260 1.799 2.056

30 0.563 1.262 1.801 2.056
160 0.560 1.272 1.806 2.052

4 1 0.315 0.900 1.542
30 0.316 0.902 1.545

10 0.323 0.916 1.561
1 0.169 0.578

30 0.170 0.S61
1S0 0.174 0.594

5 1 0.067
30 0.067

1S0 0.090
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primarily on upper, rather than lower limits of C. factors are held constant the value of C ranges from 0.016 to
The results pesented in Table 11 indicate that these at moast 1.4. Although the BDM models considend would

conclusions also hold for astonauts of different ages. Our admit values of C as high as 10, these do not arise wnder the
calculations confirm that the upper bound on C of 2.06 from relatively short-term, midlife exposures considered her
Table I holds under all of the conditions defined by the above
as•umptions. Pesticide Ingestion by Infants and Children

Similar calculations were done for the BDM model under
the following assumptions Toxicological risk assessment procedures ar intended to

protect not only healthy adults in the general population but
"a The age at the start of exposure is 25, 30, 35, 40, or also susceptible population subgroups. The presence of

45 years. AlrTM in apple products has recently focused attention oan the
"* The duration of exposure is 1,30, or 180 days. potential risks of pesticide residues in the diets of infm and
"* The number of normal cells N(t) is proportional to child .122) This general issue is currently under inves-

human liver weight (cf. Figure 3). tigation by the Committee on Pesticides in the Diets of Infants

"* The net birth rate follows Equation 15 with tA =-10, and Childr within the U.S. National Research CounciL.3

-5, 0, 5,or 10. Infants and children may be at greater risk than adults

"* The dose-dependent stage is stage r = I or 2. subjected to the same level ofexposure on abody weight basis
for several reasons. First, as noted in the "Models of Car-

The values of C tabulated in Table IMI indicate that the cinogenesis" section, exposures occurring early in life are
general conclusions reached with the MS model also hold for more effective than later exposures with an early stage car-
the BDM model. There is almost no difference in the values cinogen. On the other hand, adults may be at greater risk than
of C for the different durations of exposure, when all other children with a late stage carcinogen.

TABLE IL Values of the RPati C a LECD/LADD for the MS Model with Stage rot k Dose.
Dependent under Exposures of 30 Days' Duration Starting at Varlous Ages

Age Stage
(years) Affected Number of Stages k

r 1 2 3 4 5 6
25 1 1.00 1.28 1.24 1.06 0.85 0.66

2 0.72 1.38 1.77 1.90 1.83
3 0.36 0.99 1.58 2.03
4 0.18 0.59 1.13
5 0.08 0.32
6 0.04

30 1 1.00 1.14 0.96 0.74 0.53 0.36
2 0.86 1.47 1.88 1.60 1.37
3 0.55 1.26 1.60 2.06
4 0.32 0.90 1.55
5 0.17 0.58
6 0.09

35 1 1.00 1.00 0.75 0.50 0.31 0.19
2 1.00 1.50 1.50 1.25 0.93
3 0.75 1.50 1.87 1.67
4 0.50 1.25 1.88
5 0.31 0.94
6 0.19

40 1 1.00 0M 0.55 0.31 0.17 0.09
2 1.14 1.47 126 0.90 0.58
3 0.98 1.66 1.80 1.54
4 0.75 1.60 2.06
a 0.54 1.37
6 0.37

45 1 1.00 0.71 0.3 0.16 0.06 0.03
2 12 1.36 0.96 0.56 0.31
3 1.24 1.77 1.58 1.13
4 1.07 1.90 2.03
5 O.8 1.63
6 0.66
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TAIE IL Valuese of Oin RI•o Ca LECD4.ADD fo rhe OBM Model
wOM Exqor of .30 Das' Durslon OuNtn at Verlows Age
slep SW

Aboled Ae Cumiladve Net Bt Rat, of Wimat•d Cals t 8
r (ybers) -10 -6 0 5 10
1 1.23a 1.30 1.334 0.840 0.279

30 12.2 1.260 1.164 o.s7 0.137
351.6 1.,124 1.034 02.2 0.067
40 1.7 1.16 0.83 0o.24 0.032
4, I.=0 1.121 0.732 0.173 0.016

2 25 1.201 1.126 0.750 0.182 0.017
30 I.M 1.196 0.902 0.277 0.035
36 1.24 1.250 1.056 oA12 0.072
40 1.242 1.2I7 1.206 0.606 0.148
46 1.247 1.314 1.364 0.666 0.303

Apple Juice Potato

0 20 4o 60 0 20 40 60

Tomato Lettuce

d 0

0 0

VW

0 20 40 60 0 20 40 60
Age (yeas)
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Second, it is conceivable that perinatal tissues undergo- factor C required to adjust estimates of risk based on average
ing rapid growth and development may be more susceptible food consumption levels across all ages to reflect the greater
to carcinogenic stmuli than mature tissues. Empirical consumption of certain foods by young people.
evidence on agedependent physiological susceptibility is Wargo(26) conducted a detailed analysis of food con-
limited. Studies of the acute toxicity of pesticides have sumption data from the 1977-1978 National Food Consump-
revealed mixed results. Gaines and Linde(- foundweanling tion Survey conducted by the U.S. Department of Agricul-
rats more sensitive than adults to 4 of 28 pesticides tested, ture.(27) As indicated in Figure 5, the consumption of apple
whereas 18 pesticides were more toxic to the adult. Assuming juice is much greater among very young children than adults.
that cells undergoing mitosis are most vulnerable to genetic The maximum consumption of potatoes and tomatoes occurs
damage by DNA-reactive chemicals, there may be greater among children 1 through 6 years of age. The consumption
opportunity for genetic damage in developing tissues in of lettuce increases throughout childhood and is higher
which the rate of cetl division is high. As the number of cells among adults than among children. These particular foods
in the target tissue increases, however, the total number of were chosen to illustrate a variety of food consumption pat-
cell divisions may also increase even if the mitotic index terms, including cases where childhood consumption is less
decreases. tan and greater thanm adult consumption.

Third, infants and children may be at greater risk thar Under the MS model, the value of the correction factor
adults because of their different food consumption panerns. C varies from 0.27 to 3.74 for apple juice and from 0.79 to
Dietary diversity increases with age; children consume far 1.33 for the other foods (Table IV). The fact that the largest
fewer foods than do adults. For example, fruits account for values of C occur with apple juice is due to the temporal
nearly 30% of the average non-nursing infant's diet(2"5) but a correspondence of dte peak in consumption with a period of
much smaller proportion of the average adult's diet. Because high relative effectiveness of dosing. Under the BDM model.
of their greater exposure to certain foods, children may be at the values of C ranged from 0.25 to 5.25 for apple juice and
greater risk than adults from pesticide residues present in from 0.71 to 1.46 for the other foods (Table V).
these foods. The maximum values of C calculated here are notably

Here, we will restrict our attention to the impact of food larger than in the previous application to astronaut The
corsumption on potential risks associated with pesticide largest values ofC under both the MS and BDM models occur
residues in food. Specificaily, we calculate the correction when the first stage is dose-dependen. The values of C also

TABLE N. VainL. of the RPAo C w LECD/LADO for the US Model for Pesltcde
Reednee In Apple Juice, Poltlt, Tomato, and Leuce

Stage
Food Affected Number of Stages k

r 1 2 3 4 5 6
Apple 1 1.00 1.64 2.23 2.77 3.27 3.74
juiO 2 0.36 0.46 0.61 0.76 0.93

3 0.30 0.34 0.38 0.43
4 0.26 0.31 0.34
6 0,27 0.30
a 0.27

POINO 1 1.00 1.06 1.13 1.21 1.27 1.33
2 0.04 0.90 0.90 0.94 0.90
3 0.97 0.80 0.86 0.84
4 1.00 0.92 0.86
5 1.02 0.96
6 1.04

TOmRNO 1 1.00 1.06 1.16 12 1.27 1.31
2 0.92 0.94 0.97 1.01 1.06
3 0.90 0.91 0.91 0.92
4 0.90 0.91 0.90
5 0.90 0.91
6 0.90

e 1 1.00 0.9 0.90 0.65 0.82 0.79
2 1.06 1.06 1.02 0m 0.96
3 1.06 1.06 1.07 1.04
4 1.04 1.10 1.10

S1.0 1.10
6 1.01
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TABLU V. Vmwe of the Redo Cm LECALADO for Ul BDM Model for PsellcMo
Reukuke I Apple JAuls Pdol6 Tonmi, or Loom@o

Somp
NllMe d' Cumulauvo Not Bir Rate of Wated Colb t &

Food r -10 -6 0 5 10

AppejiM 1 0.72 0.90 1.5 32.7 5.25
2 o03 0.36 0.32 0.2 0.25

POWm 1 0.94 0.96 1.04 1.26 1.46
2 0.91 0.91 0.94 1.01 1.06

TomtO 1 0.97 o. 1.07 1.26 1.3
2 0.02 0.91 0.91 0.90 0.69

Loa 1 1.03 1.01 0.96 0.83 0.71
2 1.06 1.05 1.06 1.03 0.97

Apple Juice Potato

CM 0

100

C 0 20 40 60 0 20 40 60

Tomato Lettuce
C0

I0wV

Ctm

0 20 40 60 0 20 40 60
Age (years)

FDJEI46. Euhiw • lmlh m m Ehll k o fuapowm u d -k4q. is d BDM mod (wi*d w • d=
A*N . Y1) 1muUm 4 ivy . at)f Seal um 15 mdtw 70 =y num tylon s U i FmI, 4)
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increase in the MS model with the number of stages k and in dosing is highest early in life, the use of an average level of
the BDM model with the cumulative net birth rate of initiated food consumption across all ages in risk assessment may lead
ceil t. to underestimates of risk for this food by a factor of about

Figure 6 depicts the. relative contribution to the excess fivefold uwder the models and assumptions employed here.
cumulative hazard at age 70 of the exposures at earlier ages These results indicate that accurate estimates of car-
for the BDM models with the first stage dose-dependent. The cinogenic risk require detailed information on the temporal
largest contributions to the cumulative hazard occur-during patterns of exposure. Knowledge of the mechanism of car-
childhood, when the relative effectiveness of dosing is cinogenesis, s-ich as whether an agent is an early or late-stage
highest. This is particularly true for apple juice, since the carcinogen, and the growth kinetics of normal and initiated
period of highest consumption also occurs early in life. cells, is also important in evaluating the relative effectiveness

of exposures at different points in time. Although of fun-
Summary and Conclusions damental importance in carcinogenesis, relatively little infor-

mation is available on the mitotic indices of stem cells and
In this paper, we have considered approaches to estimat- the birth and death rates of initiated cells: the impact of the

ing the lifetime risk associated with intermittent or time-de- simplifying assumptions made here and elsewhere in the
pendent exposures to carcinogenic substances. One method absence of such information rez.,ains to be explored. In the
is to amortize the cumulative dose equally over a lifetime, interim, it is still possible to place plausible upper bounds on
giving the lifetime average daily dose or LADD. the error in estimates of risk based on the lifetime average

The concept of relative effectiveness of dosing at dif- daily dose as was attempted in the two applications con-
ferent points in time was used to determine a lifetime- sidered hem.
equivalent constant dose or LECD, which yields the same
lifetime risk as the actual time-dependent exposure pattern. Acknovwedgments
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Carcinogenic Risks of Polycyclic Organic
Matter (POM)

Jodelin Lewtas
Health Effects Research Laboratory, MD 68A, U.S. Environmental Protection Agency,
Research Triangle Park. North Carolina 27711

Many combustion emissions and related complex mix- [PAIs]), substituted aromatic hydrocarbons (e.g.. nitrated-
tures containing polycycic organic matter (POM) are car- PAH), and heterocyclic aromatic compounds (e.g.. aza-
cnomenic to humans. A comparative potency method has are ). The earliest recognized sources of carcinogenic
bee develoced to esimate the human cancer risk from POM POM were derived from coal-related processes, particularly
sources. This method involves evaluating the tuogenic ombuson; however, POMs are emitted from die €ombus-
potencie of POM from the selected source in relation to other tion however, dies are emite fr e combus-
POM sources that have been shown to cause lung cancer m tion of petroleum (e.g., diesel and gasoline fuel), wood, and
humans. The mouse skdn tumor-iniliation bioassay provides synthetic chemicals (e.g., plastics). Although several car-
the best correlation with the human cancer unit risks for cinogenic PAH species are known to account for a significant
emission sources whor quantitative pimeilogic resuts portion of the cancer risk associated with POM from coal tar
are available. The comparative potency method is presented soot(1 2) and some petroleum combustion emissions, PAHs
together with the data developed to tes the underiying con- do not account for all the carcinogenic activity of several
stunt relative potency hypothesis. This hypothesis has been otherPOMsources(e.g., diesel emissions. urbanaeSroSol).(3 4)

validated for POM from coke ovens, roofing coal tar, and Scientific consensus working groups considering the use of
cigarette smoke by comparing the relative lung cancer poten- benzo[a]pyrene (B[a]P) as a marker of cancer risk concluded
cy in humans to the relative tumor initiation potency in mouse that B[a]P alone is not a good surrogate for PAIL POM, or
skin.The carcinogenic rs of POM frm a sense of emission cancer risk.() Recent improvements in quantitative chemical

sources were determined using the comparative potency analytical detection methods for measuring POM species
method. This method was first used to estimate the lung have shown that B(a]P is not always well correlated with total
cancer risk for diesel and gasoline vehicle emissions and has PAH content and that many other carcinogenic chemicals,
now been extended to a series of POM sources Including such as other PAHs, substituted PAfls (e.g., niutro-PAH),
wood•tove emissions, residential oil furnace emissions, aromatic amines, and aza-arens, are present in complex
aluminum smelter emissions, and ambient air particles. The POM mixtures.
lifetime cancer risk/pg extractable organic matier/pAM3 ranges The primary source of POM in air pollution is from
over nearly two orders of magnitude (100-fold) and is similar combustion of fossil fuels (e.g., coal, oil, gasoline, diesel
to the range in potency for the organic matter emitted from th fuel), vegetative nmati (e.g., wood, tobacco, biomass), or
three human carcinogens to which these sources are com- synthetic chemicals (e.g., municipal and hospital wastes.
pwad The human carcinogens ran9 from 9.3 x 10-4 cancer hazardous was plastic war). T prduc of incm-
nsk/g extractable organic matter/i for coke oven emissions mte waste, pasc wall) hee produts of inc
to 2.2 x 10- for cigarett smoke. When the cancer unit risk plte ombustion have genesaly been rafetd to am PICsm and
expressed as pg particulate matter/M3 , the range in potency the e omcIC onic m generl y asois reduced to one order of magnitude. POM (the polycyclic organic matter generaly associated

with die particle or soot component of the PIC). The car-

Sbonaceo sou W p -ticles emitted from cxmbuon sources
contain moat 4f th POM component dtut induces tumors in

In die ealy 1900s, the first chemicals recognized to be animals and mugations in cells and has beon clearly im1i-
human ad animal caucinoge were complex mixtures of cated in epidemiological studies as a human cacinougen&
coal ta and •coal soot from chimneys.() Fracidonation and Incomplete combustion products, however, also contain
animal bioassay of thme mixtumr reulaed in die ientifica- gaeous chemicals thm ae carcinogenic, such as benzene,
tion of carcinagenic polycyclic opn matter (POM).__)
POM is a general tam referring to a complex mixture of bm e ,, b ft IbIS nutb Laumy
p cyclic •omdc compows including may diverw cla- U.s. EPA. 0dapumv fW PM9W0& ApW'l doa nc uipr ~dm
-@ o hydrocarboue (e.g.. polycyclic aronatic hydrocarbons, amm m y h A. -vima -d paoR l U. ePA.
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TABLE L Cancer Unit Risk Estdmaes Based on Human Epklemloiogkma Data ad
Used In # Comparave Potency Method

POM Unit RWs Best Estmate
ULetime RskW g Organic Mattr/mr

Emission Source (Lower Umrit-Upper Umit)
Coke ovan 9.3 x 10"4 (5.0 to 15.0 x 10")*
o .ter (COal 3. x 10e (1.0 to 7.2 x 10-t

Cotis soke 2.2X 104 (2.2 o 3.7 x I0

"-From Aten a al.() who based V coke oven unit risk eslmas on dte U.S. EPA report The
Carcmg Assessment Grop's Carcinohen Assement of Cok Ovens" OHEA-C•-01O18, U.S.
Governue PriAnn Offe. 1982. In 1969. the U.S. EPA CRAVE Work Group revieowedverified.
ard pubhed in the nwgasted Risk Informaln System (IRIS) a revised cok oven unit risk of 62
x 10" based an Mie Agency. 1964 Carcinogen Assesmnt of Coke Oven Emissiom."'u For te
prpoe of Vie pap.er, Ve or•ignal imaie of 9.3 x I 4 is ued to be consistnt with V. publWation
on whid lU report is base.

aldehydes, and alkenes (e.g., 1.3-butadiene), and semivolatile estimating human cancer risk when there are no human cancer
organic compounds which have not been well characterized data for the specific POM mixture being assessed, but there
either chemically or toxicologically. are human cancer data for a similar POM mixture.( 12- 15) The

The complexity of the POM emissions, estimated to human cancer risk of the unknown mixture is estimated by
contain thousands of chemicals, has precluded the quantita- using the relative bioassay potency of the unknown mixture
tive cancer risk assessment of these emissions based on and known human carcinogen multiplied by the human
analysis of its components. Because human exposure to these potency of the known human carcinogen. The underlying
POM emissions occurs as the whole complex mixture, both assumption in this method is the constant relative potency
qualitative assessment (6-*) and quantitative assessments of hypothesis described in the following section.
the human cancer nisks(0') have been based on either the
whole emissions (PIC) or the POM component. The Constant Relative Potency HypotheWis

Recently.Thonlund" 1) hasproposedtheuseofamethod The comparative potency method is based on the
that could be described as a "B[a]P equivalents factor ap- hypothesis that there is a constant relative potency across
prosch"based on assessing the risks from mixtures containing different bioassay systems (e.g., human and rodent), where
PAHs by comparing the relative carcinogenic potency (in relative potency is determined by the ratio of the slopes of the
rodents) of several individual PAHs to the carcinogenic dose responses from the same bioassay, as shown below:
potency of B[a]P to determine the potency of each PAHp
relative to B[a]P. These relative potencies (B[a]P equiv- relative potelcy a bioassay potency of caFCInoQel
alents) are then multiplied by the concentration of the in-
dividual PAHs in the mixture and summed to estimate the The bioassay potency for each POM emission source is
total cancer risk. This approach would understimate the risk determined from the slope of the dose-response curve.
if any other carcinogenic components ane present. It may be Several methods for estimating this slope have been ex-
particularly useful for simple PAH mixtures or for those smined for mutaenicity bioassays"6) and the mouse skin
complex mixtur where it can be demonstrated that the PAH tumor assay.(17 '1 ' The general expression for the constant
compnqent accounts for the carcinogenicity of the whole relative potency hypothesis for estimating human cancer
mixtre One disadvantage of this approach is that there is not potency is the following:
direct evidece for the human carcinogenicity of doe in- mkkve human potency .(k)
dividual PAIL relative bioassay potency

The comparative potency method for cancer risk assess-
mawn of POM mixtures described in this report relies on both The human cancer potency has been determined using
epidemiological data resulting from human exposur to the the linear nonthreshold, extrapolationmodel and is exprnsed
whole mixtumr and tumor initiation potency resulting from as the individual lifetime excess lung cancer risk from con-treanent of mouse skin with the extractable organic matte flnuous exposure to I •l~g/m 3 inhaled air.(13 ) The human
(EOm) from th i wit e a n t cancer potencies (lung cancer unit risks) for the three known

human cainogem are shown in Table L

What Is #hw Compmutlve Potency Method? The constant relative potency assumption is implicit in
nmy comparison tha utilih s the relative toxicity of two

The comprative potency method for human canc risk sublances in anmals to estimate their relative toxicity in
assesm ent of complex mixtures of POM is a method for humans. This couetant relative potency assumprion is an
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experimentally testable hypothesis if the relative potency of The validity of this constant relative potency hypothesis
two mixtures or components in one bioassay (e.g., humans) may depend on the chemical nature of the mixtures being
can be determined and compared to the'relative potency in a compared and the similarity of those mixtures. Charac-
second bioassay. The test of this hypothesis is whether there terization of the POM from these three emission sources
is a constant relationship (k) between the relative potencies identified a wide range of polycyclic aromatic(21) corn-
in the two bioassays being compared. The current limitation pounds. In general terms, these POM mixtures are similar in
to our testing of this hypothesis is the availability of human their relatively high content of polycyclic aromatic corn-
lung cancer data for quantitative estimation of the human pounds. All of the mixtures contain PAHs; however, the
cancer risk. Research is now in progress to expand the human relative concentration of these PAHs differ substantially
database to include at least one additional human carcinogen, among the mixtures. The coke oven emissions and cigarette
smoky coal combustion emissions.(19) The human cancer smoke contain mutagenic basic constituents containing
potency estimate will be based on a highly exposed popula- nitrogen; however, the specific nitrogen heterocyclic corn-
tion of women in China who are exposed indoors to smoky pounds are different in these two mixtures and the roofing
coal emissions and have a high lung cancer rat.(2°) coal tar emissions do not contain these nitrogen bases.(3)

Another approach to evaiuation of this method is to
Testing and Validation of the Constant Relative compare the cancer unit risk estimates obtained by the corn-
Potency Hypothesis parative potency method to risk estimates obtained by species

extapolation from chronic, lifetime, animal inhalation
This hypothesis was initially tested for three complex studies. The comparative potency method predicted a human

POM emissions from a coke oven, roofing coal tar pot, and lung cancer unit risk for diesel emissions that is very similar
cigarette smoke by using the human lung cancer data from to the unit risk estimate for the same diesel vehicle used in a
epidemiological studies of humans exposed to these emis- lifetime, rodent inhalation, carcinogenesis study.(22) A more
sions, as shown in Table L The relative human cancer poten- recent extrapolation from three rodent inhalation studies(23)

cy, as expressed by lung cancer unit risks, was compared to resulted in unit risk estimates similar to those obtained in the
the potencyof these emission sources in a series of bioas- comparative potency method. These two independent ap-
says.(I 13.16) Human lung cancer unit risk estimates; animal proaches to the cancer risk estimation of the POM from diesel
tumorigenicity data; and short-term, mutagenesis bioassay emissions results in very similar cancer unit risk estimates.
data were developed for each of these emission sour-
ceS.( 3,16.T) The relative bioassay potency for several of Application of the Comparative Potency Method
these bioassays is shown in Table I, where the ratio of the
dose--respone slopes for each of the POM emission sources The first application of this method to the estimation of

listed was normalized to (divided by) the coke oven emissions the human lung cancer unit risk was for the POM associated

within each bioassay. The potency of these three POM ems- with diesel particle emissions.- 3) The cancer unit risk for the

sions in the mouse skin tumor-initiation assay resulted in the diesel emissions was determined based on the relative poten-

highest correlation across these three human carcinogens. cy of the diesel POM compared to each of the human car-

Although further research on this methodology is continuing cinogens (e.g., coke oven emissions) as shown below:

using additional human data(19'2 0 ) for curteapplications of
the comparative potency method, the mouse skin tumor-in- Diesel risk - Coke oven risk

itiation assay is proposed as the only bioassay that produced x Relative potency (Diesel4* Coke oven]

a constant relative potency across the coke oven, roofing tar, The average unit risk for the most potent diesel sample across
and cigarette smoke emissions adequate to support the as. three comparative human carcinogens was 4.4 x 10 lifetime

sumptions in the comparative potency method. riskjig organic mate&3 (3.5 x le risk/Izg particle/i3).

TABILE L Comparison of Relative Potenciee of the Human Crcinogena in Several

Human Mammalian Microbial
Lung Tumor Cell Mutation

Cancer Initiation Mutation TA98 (+MA)
Coke ovenm k*W 1.0 1.0 1.0 1.0
RooFA (oN) tar 0.0 020 1.4 0.78
2j!!!re! smoke 0.0024 0.0011 0.0o6 0.52

'AN of #We WO~eey poWnel"1es for eCh emissiln is oom ap (nrmawized) mi to ca* oven
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TABLE IL Ceelee Uni Risk Estnmate for POM mid Parls aeMetrf.Tpia
Combustio Sours...n Detenvnhte by the Cornpmwatle Potmncy MothodA

POM Unit Risk Particl Unit Risk
Emission Source (Wetdie ft" ~ (110time rakc

organicmatter/rn) pairticulate nmawtteh
Autumobbl Gasolin

Norwice2at 1~ 1.1 Xle r'l

Thuoks, 01804.13 13. 6.61 X 1e.$6X 10o
Woodson.e soft wood("" 2.71 Xle 1.0 x le
Akimlnummelter 9.1 X le 1.1 X10e
Relasdentld 004) 0.O X le
Air parke oxtd=) 1.3 x le
Agasd on co ipwbi Vie relativ mouse sIid tMorlnliftbon Potency of to POM *om pewtle

t mooora from tiess sources to Oie raldve human keg cancer unit risfs for POM eisoswili
hunma .pildunlo9i, -data (coke ovens, rocing ta (coal), and tige-et mk)
gAverqp of two W~dtyf deed vedes.
0Coiunt"V dui~i woodamroke (64%) MWd m011ie source eisos(30%).PM

Two other light-duty diesel vehicles had very similar unit sions, residential oil combustion, urban air particle extracts,
risk of1.3 nd ).2 03)gogai ate/n (2.3 and 2.0 and aluminum smelteremiussions have been completed. Using

x 1044~i particle/m3)r 13  the relative potencies in the mouse skin tumnor-initiation
Comparison of the mutagenic potency of aseries of POM assay, the lung cancer unit risk has been estimated for these

fromn diesel and gasoline vehicle emissions in Salmoneila POM emission sources, as shown in Table 3L. These unit risks
typhimwiwnu with the tumorigenic potency showed high cor- range from 9.1 x le~ to 6.6 x le~, a range similar to fth
relations between the two bioassaysS') Both the tumonigenic range of unit risks for the three carcinogens used in the
potencies and the mutagenic potencies of this series of diesel conmpartive potency method. Uf the human cancer risk is
and one gasoline emission engine were also highly correlated epsedas risk per pig of particulate manter per cubic meter
with the concentration of nitrate PAH and PA!! in the POM o nae irte hnpr~gogncmtr(~. O )
mnixtLre.( 4 ) This provides further evidence that the chemnical theinthaed lurg cancer risks for mirany maof these .souresar
similarity of these automotive emissions may Justif the thena~~ imlr n the lnca= rikfomange in p theen isouredced fwe
extension of the use of the short-term mutagenicity bionnsy twrde rofma gnby i itude adifeec o the rneip organcyisrdcmter tor

to estimate the comparatve human risk of automotive emis- toodr fmguuedleec b h rn atrt
sions that can be shown to be substanttially similar chemically. one order of magnitude difference between different sources
In Albert et a03 several short-term bioassays, which were for the particulate matter.
all highly correlated with the tumnor initiation potency(16) for Mdrec
this series of automotive emissions, were used to estimate the
human lung cancer unit risks. In order to us the relative I. MO MD.: Sooma Ter&mo sd 013 as Cmnusa of Occopsaional Canicer.
potency in mutagenicity bioassays to predict the relative W Crnow Cacto mo Cpp. u 31 od323 .CLSwidnEd., ACS
potency in the mouse skin tumnor assay, the constant relative (1976).
potency hypothesis wa tested and the proportiona-lity cai.. 2. HlOmD.Wydff.LL-EfluioinUudRapii5 yComcfpom~hS
stant (k) used in the comparative poec ehdwsdw bc Chemical Ctudnaogm. pp. 324-365. CIL. Swaie, Ed. ACS

I~mopphNo 13.Ameicnuichm ca Society. WauinMa. DC
tumnor potency to the mutagenicity potency an necessary ini I* LaumJ.LCaubosdoEausmi : iomcwuabma mdc~omwmiof
order to extend this method to the use of short-tenn biouassays Thei MOMP.iC mod Cuchioomic Activity. hC C&VDaMp ndMOMP in the EAviroomeu, VoL V. pp. 59-74H. ISuck. Ed. (CR
to estimate relative potency. Only in the cue of this series of ft..,DarnRm%.FL (1965)
automnotive emissions has such a validation of the compara- .Lom J. Omt k of' MCompi WHIM= Staww. for do. Ide-
tive potency, method for short-term bioansys been ac. i-co Md Caieav ASws. ee d.o oAffpm ToimcoL mod71Car

compishd~k 15)(1955).

Since the initial application of the comparative potency 5. Halbosi. CL. Ahibosi U.: CoQ ur Repot: Mumosseiciy sod Cer-
method to the estimation of cancer unit risks for diesel emis- . 7m-s a 47:1-30(1963)dC~bui FieioLEnirf
sions new studies of other POM-containing emissions have IL mrwodmd ASOMY for Rmochsinokam LARC MInpio .
been condhafjo&( 4) Mom " skn, uor-initaton, dose- 1Y5.loe alwaft CI @mo I Ris(h~kk o odrb mi=Vol.34.
response studies of additional automotive emissions (e&g. Mdynm Aro. c~ Cmomdh. ut 3. Cbnd ftuicommi dlm

nancasalyst, leaded gasoline emissions), woodstove emis- Od Sted Fo KARC, Lyrn, Pm (1964).
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Issues Surrounding Comparative Risk Assessements
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New products entering today's marketplace frequently PolyCTFE oligomers were previously regarded as
undergo toxicity testing to determine the potential risks they "biologically inert" The 3.1 oil has very low acute toxicity
pose to exposed people. Not uncommonly, tihese products after oral ingestion (rat LD5o > 9.2 g/kg), inhalation exposure
undergo more extensive testing than materials that have been (LCso > 2.0 mg/L in rats), or application to the skin (dermnal
in use, are often products intended for the same end use, and LDso > 3.7 /kg). PolyCTFE 3.1 oil is not a skin imtant,
may have completely different toxicity profiles in test animals. cases 3.7 gk e iritao 3.1 ols not ain irtanti
Differences in the nature of the products, the amount of toxicity causes minimal eye irritation, and has only mild potential for
data available, and differing target tissues for the materials skin sensitization.(I
complicate comparisons of the potential human health In a 90-day inhalation study with the 3.1 oil, 2 ) groups of
hazards of various products. Especially difficult interpretive ten male or ten female rats were exposed to airborne con-
issues arise when new products cause effects in experimental centrations of PolyCTFE 3.1 oil of 250, 500, or 1000 mg/m3 ,
animals that, for compelling biological reasons, are not ex- 6 hours/day, 5 days/week for 13 weeks. All rats gained
pected to occur in humans or other pdmates. Some of these weight, but weight gain was reduced in rats at the highest
issuesin comparative health nsk assessment of new materials concenration. Liver weight increased for both male and
are highlighted by Air Force-sponsored studies of a candidate female rats with increasing dose of PolyCrFE 3.1 oil.
nonflammable hydraulic fluid based on polychlorotrifluoro- Reduced weight gain and increased liver weight were more
ethylene oligomers. This material has performance charac- marked in male than in female rats.(2) Repeated exposure to
teristics similar to hydrocarbon- and phosphate ester-based 3.1 oil also resulted in slower oligomer excretion than ob-
fluids that are currently in use. served after a single 6-hour exposure. The slower rate of

Introduction and Background excretion after repeated exposure appeared to be due to
accumulation in body fat. The fat has a high storage capacity

Polychlorotrifluoroethylene (PolyCTFE) 3.1 oil is a can- for PolyCTFE oligomers based on tissue/blood partition coef-
didate base stock for a nonflammable hydraulic fluid under ficients of 400 for Uimer and 750 for tetramer.P3)
consideration by the United States Air Force for use in At necropsy, the liver was greatly enlarged with a variety
advanced aircraft. No current hydraulic fluid is nonflammble; of changes in cellular structures. Liver cells from the 500 and
hydraulic fluid fires have resulted in the loss of a numnber of 1000 mW& PolyC7FE 3.1 oil exposure groups were two to
aircraft in the past In addition to reducing the risk of aircraft three times larger than cells from control rats. In hepatocytes
fires, PolyC7TE 3.1 oil possesses performance advantages from exposed rats, there was an increase in number of
for high-pressure systems. As part of the process to evaluate peroxisomes in liver cells. Rats exposed to 500 mg/m3 3.1 oil
this new fluid as areplacement forcurrent hydrocarbon-based were held for up to I year after the end of the 90-day exposure
hydraulic fluids, the Air Force entered upon an extensive to determine how quickly the liver effect resolved. At day 105
research program to determine the potential toxicity as- postexposure, the liver was only minimally improved; at day
sociated with its use. The conduct of this research provides a 236 postexposure, livers were still not normal, but the 'size of
useful example of an integrated toxicology program. In vivo, the cells had decreased to near control. At 1 year postex-
in vtro, and computer modeling resources were combined to posure, the livers were relatively normal, indicating liver
provide rapid insight into the nature and severity of toxic toxicity of 3.1 oil is only slowly reversible in rats.(2) No other
effects observed in experimentai animals and to simul- orgns were significantly affected and, even at the 1000
taneously provide an assessment of the releveawe of the mg/mi3 concentration. no rats died from the exposures.
toxicity to humm. Repeated oral-dosing with Halocarbon 27S, a higher-average
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molecular weight PolyCF oligomer, caused similar toxic animals should be approximately equal to a nontoxic tissue
changes in the livers.( ) Peroxisome increases in rats have dose of acid metabolites. The primary question was whether
been associated with liver cancer in rats.-7) TheMe is no PolyCTFE was expected to be toxic in primates. If PolyCTFE
evidence that such chemicals cause liver canceir in humans, was not mutagenic and not toxic in primates, then a guideline

The results of this 90-day study were of concern for two could be proposed based on a no-effect level in rodents. A
reasons. First, liver effects were seen even at the lowest dose series of studies was designed to tent this hypothesis and
tested. Second, industrial hygiene data from an actual answer the questions raised by the decision paradigm in order
hydraulic fluid test system 8(o found air concentrations of to assess the potential hazard of PolyCIFE 3.1 oil to humans.
PolyCTFE 3.1 oil of approximately 100 mg/m3 in a worker's The studies used were 1) No Effect Study, 2) Mutagenicity.
breathing zone sample taken in a small room, and more than 3) Acid Toxicity Study, 4) Physiologically Based Phar-
250 mg/Mr during a system leak. The fact that occupational macokinetic Modeling. 5) Primate Studies, 6) Comparative
exposures could be produced on the same order as exposures Study of PolyCTFE Formulations, and 7) Comparison to
producing toxic effects in the animal studies led us to focus Operational Hydraulic Fluids.
our laboratory's resources on elucidating the hazard potential.
In addition, the effects in rats were only very slowly reversed Test Matefi
after exposure. The candidate hydraulic fluid is a PolyCTFE mixture

A number of similarities were noticed between the effect consisting of low-molecular-weight oligomers. The formula-
of PolyCTFE 3.1 oil and perfluorodecanoic acid (PFDA), a tion of interest is a mixture of oligomers blended to obtain a
compound previously studied in our laboratory.(9"l1) Based viscosity of 3.1 centistokes/g at 100PC. PolyCITF samples
on these observationsandtheexpectedomegaoxidationroute were analyzed using a gas chromatograph (Model 3700,
of n-alkane metabolism, it appears that PolyCTFE oligomers Varian Instrument Group, Palo Alto, California) equipped
are converted to acids in the liver and that the acid was with an electron capture detector. The PolyCTFE chromato-
responsible for the toxicity.(12.13) graph shows two primary groups of peaks: the first is the

timer group containing three monomeric units with C6 as the
Methods major component; the second set of peaks is the tetramer

group containing four monomeric units with Cs as the major
Hazard Assessment Sties component (Figure 2). The 3.1 oil hydraulic fluid contained

A decision tree paradigm wa used to detmine the 1.0% (v/v) ofa rust inhibitor additive, neutral barium dinonyl-

relevance to hunums of the liver toxicity in rodents (Figure naphthalene sufonate. A second additive was 0.05% (vtv) of

I). The working hypothesis related toxicity to formation Of a proprietary antwear compound. Hazard assessment studies
Poly= The orkinghpotesis ted toxicacity meboriteion te were conducted using PolyCIFE without the rust inhibitorPolyCTFFE oligomer-induced toxic acid metabolite in the and niwear additives.
liver. The no-effect-exposure concentration in different and 3.1 oilws d

PolyCrFE 3.1 oil was developed as a replacement for

current hydraulic fluids. Differences between these hydraulic
ASSUME: fluids and PolyCTFE 3.1 oil were not known. Current

hydraulic fluids, MIL-H-5606 and MIL-H-83282, had not
SNOEFFEC-T ]NON-TOXIC ISSUE been studied under repeated dosing exposure conditions.

E.XPOSURECOC DOSEOF ACIDS Phosphate ester hydraulic fluids had only limited repeated
dose studies. In addition, a low-temperature version of MIL-
H-83282 (LT 83282) was developed as a replacement for

IO CTFE A CONTROLS: MIL-H-S606. Three fluids, MIL-H-5606, MIL-H- 83282, and
USE OF NOAEL FOR LT 83282, all have hydrocarbons as their base stock. MIL-H-

SSTN D 83282 has atrimerpolyaiphaolefin as the base stock, whereas
TOXIT I No ICORRTE LT 83282 has a dire/triner blend of polyalphaolefin as the

[w"rH RESPECT To A 7 JSEWSTnMr FACTOR TO base stock. MIL-H-5606 fluid is a naphthalinic-based stock.'![ ADJUST FOR PRIMATES

USE RAT P@-PK
SCALE UPTO PREDICT ft Effect Study

NO EFFECT HUMANEXPOSURE CONC.NTRAON A second 90.day inhalation study was conducted to
MMnu t. Daci ou ft.t. A& m mini ., ' f 'W - determine a no-effect level for PolyCTFE by inhalation.(14)
p ,way btS m WM EH CONROL" wsI m d-w topci Ten male ran per group were exposed at 10, 50% and 250
dtfkuin WtaciCy. (Oft a mms 4pry- nao dtam poAMeL) mg/n3 PoIyCIFE 3.1 oil, 6 hours/day, 5 day/wae for 13



Maft et ML 139

TRIMER (C6)

TETRAMER (C8)

UU.

00 ac ac
+

I.-

CC)

RETENTION TIME -
FKnIOUE2 GO duiihpaphy1f MW of Po)tFE 3.1 adl sowing fti maw gzuup (C6) md mus-
aw pwu (CB) of oBSgMirs

weeks. Femnale rats were nm exposed in this study because livers examined histologically and by transmission electro
they were observed to be leCs sensitive than males in the first microscopy (T24) were not identical to control livers, the
90-day stuy. PolyC77E without any additives was used in differences seen at the 50 mg/rn 3 dose were not adverse. Also,
this study to determine if the additives have an affect. The there were no changes seen by TEM between control rat livers
250 MW~u dose was rcepete in aide to confirm the effectf and livers from rats exposed at 10 mg/rn3 for 90 days.(14 )

in the first study.The number of peroxisomes per electronmirsoc
Statistical analysis of the weekly body weights for all phtgraph (30,OOOX enlargements) was counted to quan-

five dosesof PolyCFF(both 90-day studies). including both titat peroxisomna prolifration (Figure 3). The 230 mg/rn3

sets of control and 250 rngft3values, revealed no differences dose resulted in essentially the same number of peroxisomes
between cantrol and exposed animal weights. Rats exposed in hepstocytes as in the first study. The numnber of
at 1000 mgWu showed the smallest increase in body weight perxisosnes was not statistically greate than consual num-
resul1ting in the lowest terminal body weight of all doe groups. ben until the 250 mgj~n3 dose, although there was a mend
When the aictual mean weigam were calculated and toward increases in number of peroxisomes at the two lower
analyzed, statistical differences were found at various time no nitr ataonHs.M 14 )

pontsfbr 2A50,0,an~d 1000 mW-3.Mean-weight-gaindat To furthe quantitate peroxisomal proliferation, beta-
showed that there wa noffe at doe 10 and 50 sngtn 3  oxidation rates (Figure 4) representing die activity of the
csieP '.urt. (4 ) anzYMOS in peroxisomes were determined. The enzyme ac-

Uverjbody weight ratios wenu also analyzd collectively tivity was statistically ioncraed at 10 mg/rn 3 POIYCFFE 3.1
far both 90-day stuldies. The0 liver to body weight ratio at 50 oil. This was the only paiumete in which a signifian in-
inghný was do only paranmer at this conontratios that was crmse wa found at the lowest dose. Data were not collected
staistically greatherni valum far casurol MLts Althuog far So rngn 3 .(4
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At the 250 ing/m3 dose, clinical chemistry analysis 40
revealed statistically signifficant increases in plasma alktalwie cc
phosphatase and blood urea rutrgeni (BUN). There were no 3
changes in clinical chemistry parameters at the two lower

Mutagenicty Assays

PoIyCMF 3.1 oil was assessed for mutagenicity using CNRL10 250
the following assays: Ames Salmonella reverse mutation, POLYCTFE CONC!NMTRATON (mg/rn'

hypoxanthine: guanine phosphoribosyltransferase (HGPRT) FIGURE 4. Me=.. bemixaa rt of peroxiaom. fm livas of rw
locus Chinese hamster ovaxy (CHO) gene mutation, capoesd w 0. 10. or 5o m&g'n3 PoIyCrFE for 90 day..
CHO/sister-chromatid exchange (SCE) and chromosome

aberration, BALB3/c-3T3 cell trnsformation, and in vivolin T'he results were negative for five of the six genetic end
vito unscheduled DNA synthesis (UDS).('5) All were con points. The HGPRT locus CHO gene mutation assay pve
ducted both in the absence and presence of S9 fraction equivocal results without S9 but was negative with S9.('-5
microsownal enzymeri. Both the PolyCrFE trimer and termer acids were

The results of the genetic tests indicate that PoIyCrTE evaluated in the same assays as the 3.1 oil, with the exception
3.1 oil has no significant interaction with genetic mateuial. of the BALD/c- 3T3 cell transformation assay which was not

conducted for the acids. PolyCTFE acids were negative in all
18,5 - tests conducted for assessing geniotoxic activity.(6

17.5 -Po&yCTFE Acid Study
< 165 -The toxicity of PoIyCTFET acids was examined by dete-

mining the LDso fortinier and tetrarmeracids. The trier acid
0 155 -LMso was the same in male and female rats (396 mg/kg). The

145 tetamer acid LDso in male rats (88 mg/kg) was much lower
a. and similar to the toxicity of PFDA. The toxicity of the

S135- tetame acid on female rats (352 mglkg) was only slightly
a ~less compared to the imer acids. Sex differences were also

S12.5 -noted in fth toxicity of PFDA.1 7 ) When rat wer dosed
CCweeky at the ILio for 12 months, only the tetrmer acids

fP11.5- caused an increased liver weight and liver pathology.(l 3 )

uJ 10.5-2 PhyasoiogcAIm Bsed Pharmacoidnetic MOde
0

U) 9.5.An importnt part of the investigation of PolyCTFE 3.1
0 oil toxicity was the developmenit of a physiologically based

phuacodneic(PBPK) model frow the rodent 90-day ex-
a. 7.6-Th primary biological determinants of the dis-

o position of PolyCrFE were bloodw airad fatcblood partition
Uj 5- coefficients, rates of metabolism, and pulmonary absorption.

2 ~Metabolism of PblyCrFE by end-group oxidation produces
6.6 - toxi ak cid species and fluoide ion that can both be, readilyz 46- elete. I rasthe values for these model parameters (Ta"l

1) provided a good description of kinetics of the tsimer and
2 3.5-twamner under various inhalation exposure conditions (Fig-

ureu)
2.5- The rat wmoe was used as the basis for scale-up to create,

.io0 o te ýoo so ýo UOOgao 'ao 00 soo oooiioo and test, a similarly structured model for oral dosing; with
POLYCTFE CONCENTRATION (mg/rn2 ) PolyCrFE in monkeys."'" The scaled-up model wa then

FKOURB3.bbm@MsrofpuuzdaipselsuumuI p,Vl'kmu used to estimae thde appropriate dome levels for the primate
ftmuapmd*0. 10. SM 250.500.r I.OOO.'NICIY for9Oqy. Watdies. Thw model parameesm (Tablie 1) for the monkey
iasndw *0* a."N uiiflM fluu 'aiMe p< A produced a good description of dhe overall kinetc profiles in
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TABLE L Paraonsr Vakm Usd In PBPK Modals for detected in rat urine. Clinical chemistry measurements ap-
Po TE Tmr awid Tetrue hI Rato wid hI Pdmatm peared normal. There was no increase in the number of

FRats (InhalaUon) Primates (Oral) petoxisomes in liver cells or in peroxisomal enzyme activity.
Parame Trkm Trime Tertmer Although there were minor structural changes seen in the
Paftom: primate liver cells, the changes were not the same as those

810oifa 33 35 33 35 caused by PolyCTFE 3.1 oi in rat liver cells.(19)
FaW/ood 400 750 400 750 The concentration of trimer and tetramer acid was low in

RaUofnoliuw t. 1 t. 1.0 primates in the 15-day study, while the concentration of
AINve % tetramer acid was five times greater than parent tetamer in

ba138e - - 9.2 9.2 the liver of exposed rats (Figure 7). Examination of geometric
APr horw, ora I k .a ml,*s a*Mad alamsww by body means of the Ca:C6 ratios also shows that the tetamer is
woo* (8M lo the negaie co*trd power, Lo., rfme -" highest in the liven of both species (Figure 8). The ratio is
-2.0 W lower in the urine of primates than in the urine of rats,

indicating that the rat clears the more toxic oligomer less
this second species by another route of administration (Figure efficiently.
6). To obtain these curves, dhe absoqrtion was set to be less To confirm that primate liver cells do not respond to
than 10%. PolyCTFE does not appear to be well absorbed PolyCTFE acids, primate hepatocytes were treated with
frorn the gastrointestinal tract in monkeys based upon actual trimr and tetamer acid in vitro under the same conditions as
data and the model. Development of the model will continue rat hepatocytes. Rat and primate hepatocytes were exposed
with tie addition of compartments for the acid vietabolites in to 50 pgJml of either C6 or CS PolyCrFE acid for 96 minutes.
order to provide a more quantitative comparison of risks Peroxisomal beta-oxidation increased in rat hepatocytes but
across species than could be performed at this time. not in primate hepatocytes (Table 1i).(21)

Primate Studies Comparative Study of Formulations

The concern ,Mith using PolyC7'FE 3.1 oil is whether Two comparative studies were conducted in rats. The
humans are at risk of I ver toxicity from a chemical that causes ojective of the first study was to compare the relative toxicity
peroxisomal proliferation in rats. Primates are usually insen- of different PMolyC'F oligomers and different PolyCTFE
sitive to the liver toxicity associated with chemicals that cause formulations.(Y2 Rats were dosed orally for 14 days with 1.25
peroxisomal proliferation in rats.m(6 To better estimate the g/kg of pur oligomer (trimer or tetramer) or one of two 3.1
relevance to humans, monkeys were dosed once evey 3 oil formulations. Body weights, liver weights, liver pathol-
weeks (two monkeys for 421 days) or daily for 15 days (four ogy, and liver enzyme activity were measured to assess the
monkeys). Phaumacokinetic measurements were made on the degree of toxicity.(22)

monkeys dosed for 421 days. Histopathology, including The tetramer was toxic, whereas the tmier had litde
electron microscopy, was conducted on monkeys dosed for toxicity. The standard 3.1 oil formulation of PolyCTrFE con-
15 days")9 ) and 421 days.(2°) sisting of timer and tetramer in a ratio of 55:45 produced

Both the parentrimer and tetramer were excreted in the toxicity similar to the pure tetramer. The 3.1 oil formulation
urine of monkeys. In contrast, very little tetramer was of PolyCiTEconsistingoftrimerandhigh-molecular-weight

200 
30

010

ce as Go PAMUENT ACID tMNT ACIO
MRrS 44 0Ar8, POIMJl3 IS (M DRY1 RAT 9 MW POW SOJUI MM 042 DAYS IE'V 3 WEEKS)

m AMNEm ACID 3M 00M LIVER = UINE
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TABLE IL In vfto Comipaison of beaOlalnRBC and hemoglobin paramneters).(23)
of Primary Rat and Pfrmate Hoeatcylas Altor Only PolyCTFE 3.1 oil produced the sarne liver lesion
E3*00ur at 50 90hnl I.*oCTPE Acida for 96 see afe inhalaion exposure Liver perox-isomal bewa

Min~teSoxidation enzyme activity was elevated above control rates
(nMhri"~n) for all hydraulic fluid-exp'~sed rats. A compaerion of both

Rat PrImnate studies revealed that liver peroxisonial betsi-oxidation. en-
Consul NWA ND zymne activity was comparable for all hydraulic fluids even
Ce A&M 13.2* ~7.78 ND though the PolyCIFE and PE groups received only half the
Ce AMd 11.3 * 5.3 ND dosage in the second study. more protein (hyaline droplets)
AWo debteIs. UM oftu delecto . 3 nIAh,*Vmg. accumulated in the kidneys of rats exposed to hydraulic fluids
$Vakue represet Sto mew wW eta da d dws~lton ft OW tihan the background level of controls. The protein accumula-
.9*wknwte with VIripcalsOe Iss for eac Irakn 9m tion in the kidneys of rans exposed to hMI-H-S606 was severe.

whereas the rating for tie other hydraulic fluids was mild.(21
oligomers in the Cio range or greater in a ratio of 95:5 A subsequent dose-response study of flL-H-S6O6 with male
produced toxicity similar to pure trinier.922 rats dosed daily for 2 weeks revealed an increase in protein

droplet accumulation in the kidney at a concentration as low
Companson to Operatkrnal hydraufic Fluids as 0. 1 &jg (unpublished data).

The second comparative study examined differences be- Dsuso
tween hydraulic fluids in current operational use and Dsuso
PoiycrFE 3.1 oi.(3 Four male rats per fluid were dosed Pro-Uise Toxiciy Testing of Chemicals
orally with I g/kg/day for 4 weeks. The fluids tested were
PolyCFFE. a phosphate ester (PE). MIL-H-83282, NIL-H- The increasing public concern about the toxic effects of
5606, and a low temperature version of M1L-H-83282 (LT manmade chemicals has increased expectations regarding the
83282). level of toxicity information that should be available before

polyCTF 3. oil and the PB. killed three of four rats new malterilfs are pit into us&. These expectations have been
although the dose was cut in half afe the third wee. A given the form of law, both in OSHA's Hazard Communica-
second study with four male ratsfluid was conducted. The tion Standard and in the requiremnents under the Toxic Sub-
rans dosed with PS and PolyCTFE 3.1 oil were given 0.5 g/kg stances Control Act (TSCA) for Premanuadictug Notifi-
in the second study. Rats dosed with 0.5 g PolyCFFE 3.1 cations on new productS. At the same time, new products are
WASdk survved except one rat developed a back problem and beang put on the market at an unprecedentied rate. These
was sacrificed prior to the end of the study. One rat died from combiued pressures demand a new approach to chemical risk
dosing with MIL-H-5606 in each of the studies. The rats ass iiessmet tdat prvides greater use of short-term test
appeared to be more susceptible to dosing problems with strategies. mechanistic studies, and comnputer analysis with
MIL-H-5606 than with the othuer fluids tested W) less reliance on the traditional. animal-intensive, long-term

Both PolyCTFE 3.1 oil and PS depressed weight gain in sadies
mg~. MIL-H-560 also depressed weight gain at times CeklRs sesetApoce
throuighout the second study. Weight gain was normal for thhmcleikAs smn Apoce
83282 fluids or even higher than control weights. Liver and Chemical risk assessment for commercial products is an
relative liver weights were increased for MIL-H-5606, PE, extremely complex process. First, a hazard assessment for a
and PolyC7FE 3.1 oil. Relative splee weights wee also given chemical is performied by extrapolating the results of

iresdby PE while the 3.1 oil caused an increase in kidney, animal toxicity studes. The most enduring challenge for the
relative kidney, testes, and relative spleen weighta.3) toxicologist is the quatitative interpretation of animial

All of the fluids caused an increase in urmnary protein. toxicity results to predict the potential for human harm. This
MIL-H483282 caused an increase in pluna alkaline phos- hurrouihazardmasessment must becomnbined with an estimate
pliatase. An increase in white blood cell count and anemia of the potential exposure of people to the chemical or material
(decreases, in hemoglobin parameters) were seen for LT in the specific situation of concern - termed the exposure
83282. Persistent diuresis and a decrease in the number of assessment. Combining the hazard assessment for the chemi-
lymphocytes was found for NULe-H-506 Exposure to PS cal with the exposure estimate produces an overall risk as-
resulted in decreased BUN and crestinine, diuresis, and sessnient Considering this estimated risk together with other
anemia (decrueus in hemnoglobin pearameters). PoIyCTFE 3.1 camt and potntial benefits to seleict tie most acceptable
oil decreased plaum chloride and increased plasmai proteins, alternative for aspecific scenario is terneed risk managemnent.
lverenzynues (ALT. AST). and alkaline phosphatese. The 3.1 Each step in this process is fraught with uncertainty. As
oil also caused a reversible diuresis sand an anemnia. (decreased a reult, botht state and federal regulatory agencies have
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generally employedextremely conservative approaches, with heputocytes, a physiological response of questionable rele-
multiple safe-sided assumptions and safety factors. In recent vance to humans. The results of the mutagenetc battery
years, however, there has been growing recognition that predicts no genetic risk from PolyCFFE 3.1 oil.( 5 .16)

extuemely conservative risk estimates are unrealistic. A more The CTFE oligomenc acid formed from the tetramer
pragmatic approach is needed, particularly in the case of caused the same toxicity as observed with PolyCTFE 3.1 oil.
chemicals that produce carcinogenic effects in animals which These data are consistent with the formation of acid metabo-
awe of questionable relevance to humans. Such an approach lites as part of the mechanism of PolyCTFE 3.1 oil toxicity
would attempt to balance a quantitative estimate of potency in rats. The comparative study of formulations also found that
with a qualitative assessment of the likelihood that the chemi- the tetramer was the more toxic oligomer. This comparative
cal is truly hazardous to humans. The difficulty, of course, is study demonstrates that a leas toxic formulation of 3.1 oil can
that the deficiencies in the current, conservative, risk assess- be blended by avoiding the tetramer. The formulation without
ment approach do not by themselves provide a justification the tetramer contained higher molecular weight oligomers
for simply nrducing cunent risk estimates. There has to be a that we potentially as toxic as the tetramer. The potential risk
scientific basis for obtaining more accurate estimates to en- of these higher molecular weight oligomers is greatly
sure that the new estimates can be defended and that the diminished by their very low volatility and much smaller
assumptions and uncertainties involved in the risk assessment percentage of the total formulation.
process can be documented and improved by data collection The subchroric toxicity of the present operational
where possible, hydraulic fluids and another candidate hydraulic fluid were

determined to provide a database for comparison with
Hazard Assessment Studies PolyCTFE 3.1 oil. Without this information, it is difficult to

Although the liver/BW ratio was increased at 50 mg/Im3  make decisions about the relative risks of PolyCTFE oils

in the second 90-day study, TEM did not identify any adverse versus existing hydraulic fluids. Subchronic (4-week

changes. This concentration was considered a no-observed- repeated dosing) sudies for the current hydraulic fluids and

adverse-effect level (NOAEL). The no-observed-effect level a low temperature version of MILH-83282 were conducted
3 wtin an attempt to fill this data gap. The operational fluids,

(NOEL) was 10 mg/n which was confirmed by tramission MIL-H-83282 and MIL-H-5606, and PolyCTFE are relative-
elecwtromcroscopy. The peroxisomal enzyme datain iur ly nontoxic after an acute exposure. The phosphate ester

4 shows equivocal support for the NOAEL and NOEL. It is hydrauoic flud ps a egeof Te toxicity Or
not known what die enzyme data means in terms of classic hydraulic fluids poseses a degree of acute toxicity. Oral
noxicity. know n wand theenz e data usmeansdi ther f classic o dosing was used in place of inhalation studies because the
toxicity. Ruben and Wave ersu 4 discussed the concept of time to do 90-day studies for each hydraulic fluid would be
functional change versus a toxic change. Elcombe and several years and the cost of a 90-day inhalation study would
Styles'thmnbasedoninv e rosuiiesofhumanlpvercetls fsund be much higher. The comparative study of hydraulic fluids
that huan s anre insensitive to liver growth parameter such revealed that the hydrocarbon-based fluids, MIL-H-5606,

[ as an increase in peroxisomes. They felt that the use of ~ 4~ eso fMLH
MU.-H-83282, and the low-temperature version of MIL-H-

peroxisomal proliferation data (and related tumor data) may 83282, cause an increase in protein in the kidneys. Protein
be inappropriate to assess human hazazrdlP25 The iricreaC in accumulation in the kidney is a male-rat-specific effect seen
peroxisomal enzyme activity may represent a functional after exposure to hydrocarbons such as gasoline.(26,27) This
change in the liver and not a toxic change at the lower type of hydrocarbon-induced kidney lesion frequently pro-
concentrations. In support of this concept are the data show- tye o hydrearoninduced kidney lesiongresses to kidney cancer in the male rt()Tikdnylesion
ing that beta-oxidation by peroxisomes in hepatocytes from of male raw is not believed to be relevant for humans.(29) In
rat exposed to 250 mg/rn3 increased in response to addition, the in-use hydraulic fluids, MIL-H-5606 and MIL-
PolyCTFE 3.1 oil and returned to control levels 60 days H-83282, increased peroxisomal beta-oxidation, an indicator
postexposure.('4) The relevance of Peroxisomal Prol"fam for peroxisomal proliferation, the same as PolyCFE 3.1 oil.
to human liver canioei- and the concept of a functiona le ooncd offinding the s aso 3.1tonl.
change versus a toxic change" an both major oy The relevance of ths finding to human is also questionable.
in the field of toxicology. Rk Assessment

An erratic response to PolyCTIFE 3.1 oil, observed for
mutagenesis (without S9 only) at the HGPRT locus in CHO The Air Force needed an interim exposure guideline for
cells, was too tenuous to warrant any consideuation in risk PolyCTFE 3.1 oil during the development of a new hydraulic
aeameIP) This is supported by the fac that dth thime system capatible with these oils. A guideline was proposed

and t mueru acids wero negative in the HGPRT locus CHO boed on equivalence to the NOAEL in the rat of 50 mg/mn.
gene mation assay with ad withou S9. In rat liver, no Using an average molecular weight for the 3.1 oil of 450
damage to DNA was detected, but -us-nem with PodyCTFE g/mole, 50 mg/m 3 equates to 2.5 ppm. Even if one assumes
3.1 oil or acids caused an increase in cell division of that the rodent response is relevant to humans, three factors
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indicate that the primate (including the human) is at substan- Benefit
daioly lower relative risk: The result of conducting this risk assessmenit for die Air

1. Panncokicti - -1 - s; he rodctio ofthe Force was the continuation of the development of the 3.1 oil
ad. m'aaoetaboiesi consefidienationsth pr ucuon for advanced aircraft. Conitractors had suspended stuidies until

S~ldliitab~ltC IS105 Offci~t ~the interim guideline was reported to tie hydraulic fluid
2. Elimination characteristics; the clearance of the more toxic enpnewering communtiity. In addition, there is interest by the

tetrameric oligomer was found to be more efficient in other services in PolycrFE hydraulic fluid for their advanced
prmts systems. The use of this class of materials is being more

3. Interspecies differences; the cellular response to the acids widely considered as lubricants, greases, and oils.
is markedly lower in primates. dm eg nt

These factors combine to produce a built-in safety foctor of We would like to acknowledge the many researchers in
seveal Orders of mragnitude, mitigating the need for an addi- owr division who contributed the data necessary for this risk
tional safety factor as is common Practice. Based on these acssesmnt. It was truly a team effort. In particular, we would
cons-iderations, an 8-how time-weighted average (TWA) ex- lik to than Allen Vinegar for teciinical support and for
Posuem limit of 2.5 ppm and prevention of liquid contact with permission to include part of his modeling results (Figures 5
the skin is believed to provide appropriate health protection and 6 and Table 1). Ed Kinked sand Nick Delasso (Table HI)
for exposed personnel. This. srecmendation is a preliminary for results from a number of their studies, and Carlyle Flemn-
guideline not Air Force policy. The interim guideline could nung for his statistical support. We would also like to ac-
be changed by new experimental, data, further scientific knowlege Ed Snyder and Lois Gschwender of the Materials
review, or federal regulatory action. Dietoae Wright LAboratory for their technical assistance

and support of this effort.
Relationship to Other FkUki The animals used in this study were handled in accord-

anc with the principles in the Guide for the Care and Use of
All of the hydraulic fluids examined show some degree LaboratoryAnwimais prepared by the Committee on Care and

Of toxicity in rats and several would be likely to cause tumors Uses of Laboratory Animals of the Institute of Laboratory
in the liver or kidneys of exposed rats if a lifetime cancer study Animals Resources, National Research Council. DHHS, Na-
were to be performed in this spcies. Although the target tional Institutes of Health Publication #85-23 (1985), and the
tissu in the rodent is different for PolyCTIFEbasted fluids Animal Welfare Act of 1966, as amended.
thani for the hydrocarbon-based fluids, neither of the two
responses, perOxisone induction or kidney toxicity, ar con- Ref erewnc
sidered to be predictive of humnan risk. The use of PolyCrFE- 1. Klnked.LLtGawukLC.L.;Honaaj.R.;sDoasnprT.L:Clorcm-
based hydraulic fluids should not cause a significantly tluaroediyM OUilgam. Evaluanon of AcMs Delayed Netomiacity in

increased hazard compared to other in-use and proposed HIMad td of, Abopto mW Teaoisma = Ranor No. m A MRL.-
hydraulic fluids. However, because the rodent data do at least gW~d AJ!U UMMORU. Wnghr-T amn" ReAort Norc BAse. OH

suggest the potential for toxicity, bath PolyCTFEbased and (1917M
hydrocarbon-based hydraulic fluids should be handled pta. 2. Kbmad. LPL KimeaL, EC4 d. WaL t.. et &L: subcluumc hbmluaon

dently, with appropriate industrial hygiene precautions taken som Pomycl " aifluooesbysm (3.10Oi). I.R.a.ToaoL 2.433-

to minkimnize inhalation exposure and skin contact. 3. VMze.A.;SeckeL, -C.Sb U"lr.DJL etL: Pal hg
- (MMIF) OVIIM MM.r.. * to Mcli 344 fa evlp

RNota Phyuo~oftic~ Bosd ModeL Ftuid ApL. Toalco (in pm.
ExrmetIDesign ~1992)

4.KWI4 MLL CUpqupsr. .T.; Hw~y. M. et aL Mew Dewaithadwi

A decision tre was established in order to conduct a of o epesi ond Toucity of Hoaloobon OMl qr-, 27-8. TouhwoL
Wad Hoft (6):17-32 (1990).

comparative risk assessment for PoiycrFE 3.1 oil. A series I. Dddy. JJL; LaiwGM. ND., QunaLd SAý at &L hiucalo. ofHesc
Of experiments were cwondute band on the decision tree to Pd~d 'U~hato inNoroe pecie Indftdd Prinum..
answer the questions rmised by the first 90.day study and to AO3. PadwL 114.171-183 (1964).

provide data necessary for establishing an interim guideline 6.MAmL ofNL Lhe Pruleno.Lr Puoxim PnillfuEk,) Derive Won.
DI25.aO hyebxyFXhd.ITozPoamýPpLliftaors 5023-32(1965)

for the safe use of the 3.1 oil. This approach resulted in a risk MuJ4*Mez. hd TiLpLI -J Caby Q.. C8&2.3-32(19M A. Rluau
assesment for the Air Force in a timely mnnruer. This cam- 7. MI' D.L- mk. Lr;City &G Rqiwlv J.&A Resyoui..

pwuive approach demoustrates a p omP of conducting dR 1' - 1 0 gidck Of lbs hesaisM FtohlUs. Di(2-edayl-
toxicity studies ina m ge nt and structured menhterthanIII m 44ho -M xykn)2ph ftj

simply examining dao& at die end of a seies of unrelated, adM-03asRL Cý Ra 4L*C39474 (1968)

clooslca toxlicity studies. 9. Gasp F, m.; IAaden cm, .LTmb Ebm o rJ..3..
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Peduao~-deanlcAdd in the Rat. Hanuster. Moose. and Gaines Fi.Monkzy. L. Appl. Toxicol. 1 1(l):51-40 (1991.

Fund. Appi. Toxicol. 9-.522-540 (1917). 20. Cmb... JIL. Personal Connmunicaiou (1991.
11. Van Rafeighan. M.J.; Vanden Hawvel. J.P.; Menshan. L.A.; Pebw o.. 21. Ddalsio. NJ.: Personal Commuication (199M)

RI.: Plerfluorodecanoic Acdd mad Lipid Metabolism in thne Rat. Lipids 22. Dei~no. NJ..4 Godin. CS.. Jones. CE.; Fleuing. C.: Compuanave.
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The Role of Human Error in the Estimation
and Management of Risks

William R. Freudenburg
Deparmnent of Rural Sociology, University of Wisconsin-Madison, 1450 Linden Drive, #350,
Madison, Wisconsin 53706

Early risk analyses were often subject to the "hardware by certain groups of huanum (often technical organizations
fascy"-- e und ttandable but eroOUasmsumption that and government agencies) and perceived by other groups of
almost allthe risks in tlecrmlogical system could be under- humans (often nearby communities and members of the
stood in terms of physical and biological variables. Accumulat- general public). Both of time topics we large ones and both
Ing evidene shows that thi assumption was wrong The rea have been dealt with in ghosics detar in the social scibtce
risks! in most technological systems are shaped profoundly literature that will be cited, at least selectively, in this paper.
by humans as wel as hardware, and system dsgn baed, at leas soe e •v ths petr.
on inadequate understandings of predictable human be- F r prposes, however, at least some of the central
haviors can lead to increased rather than dec risk. isk findings of this broad body of literature can be condensed into
assessments are also produced by humans, and accumulat- four points that will be discussed in this paper. The first is that
ing evidence makms it dear that the experts who calculate the impacts of technological risks on society depend on the
risks are prone to the same types of errors and biases that facts that actually get through to the public, not merely the
afflict normal people.- In addition, the real risks of technoiogi- ones that are believed in agencies and in the technical com-
cal systems include the impacts that are created for the munity. The second is that, contrary to the beliefs that were
broader society, and those impacts depend on tMu facts that expressed in some of the earliest speculation on the topic -
get through to tM public, not the ones that are believed in the and often "expressed" with something akin to passion -

agencies or the technical community. opposition to many forms of technological development ap-
Although erelet isundesoftenspeclatedis that plic - pears to be not only widespread and deeply felt but also to bematpo, thos spgeulaons hav been shown by I focused on specific facilities/technologies and to be prudent

research to have little factual basis. Instead, the key variable in origin. The third and fourth points will switch the focus
appears to involve rearancy, or the failures of specialists, from "them" (the members of the general public) to "us" (the
experts, and technological systems to perform their tasks with members of the technical community). Point three has to do
the necessary vigor. Given the increasing complexity and with a special kind of wishful thinking: as technically trained
intorepndence of society, such failures by experts and people, we tend to wish we could ignore or avoid all but the
institutions may have been Mu most significant of all factors factual considerations in complex decisions, but technologi-
in creating public opposition to science and technology. Expert cal controversies inherently involve questions of value as
misconduct is so corrosive for public support of science and well as questions of facL The fourth and final point is that
technology that, at last for those of us who believe In the many of our discussions about risk have also suffered from
value of science, Mu potential for recreancy may represent Mu the hardware fallacy - the understandable but erroneous
bigges riskof all. belief that the risks of a technological system can be under-

i~tl ucti mgood strictly in teris of physical and biological variables,
when in fact. the real, "hard," quantifiable, empirical cases of

This paper begins with a confession and a defiuntion technological failure often prove to depend heavily on
Theconfession is that I mu asociologist. The definition is that humans and not just on hardware. The four points will be
a sociologist is not a socialist, is not a social disease, and is dscussed in the same order as they have been listed.
no a social worker, but rather is a social scientist- someone
who believes no law of natire requires us to stop using the Actual Impacts Oepend on Facts
scientific method when the analysis moves beyond te human that Gat Through to the Public
cell and considers the whole human organism, or more broad-
ly, when questions of human behavior become involved. In all likelihood, members of the technical community

The "people side" of the risk issue will be addressed need little convincing that public views of science and tech-
through a discussion of the ways in which risks ae managed nology me affected less by what goes on in the laboratories

151



152 Chemical Risk Assessment

dtm by what get reported in the mnedia; it is hard to imagine project proponents were spending large amounts of money on
how else the information would get through to most members "public education campaigns" which were intended to have
of the public. But are we so accurate in our usual assumptions the opposite effect, namely to convince the citizens of in-
about what ges reported? In fact, the media cany a steady tended host regions that the facilities would be a safe and
diet of reports on the good news and impressive accomplish- desirable farm of economic developmen. This is not only
ment of the scientific community, ranging from supercon- happening in the United StatesM but also in nations common-
ductivity to medical breakthroughs to impro--Ad under- ly seen as being more deferential toward technology, such as
standings about how organizations function. When most Japan.s) Taiwan,(9) and in a less systematic case, Korea.(10°
scientists express their spontaneous impressions about media
reports, however, we stress something far different. The Public Concens Tend to be More Pruden
reason is something akin to the "availability bins":(') like -Than We Once Assumed
members of the general public, we often have a much easier A common complaint is that " only people had the
time remembering the much more dramatic news assfactd they'd support ourtechnology." Conferences with slick,
with technological failure, ranging from the Challenger to expensive presentaons have put forth a simla point; the
Chemobyl and from the Hubble space telescope to the Exxon peopve presnats h puorth a similar po theValdz, athr tan he dilydie of- ~people who know the facts - people like us -- tend to thinkV a ld e z . rah e r t h a n d ie d a ily d ie t o f g o o d n e w s. w m g e L O p s t o o e i w h m i n r n e o

One of the easiest ways to win the hearts of the we are great. Opposition comes either from ignoanoce orcommnunity dstrog vigorous de tuianons, rafing at th irrationality, since, after all, to know us is to love us.
irresponsibility of the repoirtes and the ignorance of the A few of the earlier and better-known articles in the riskreaders. Unfortunately, such an approach may win scientist' literature featured the same type of speculation. Unfortunate-hearts,but itwouldhave very littletodo with theirminds ly, what they appear to have been expounding is a point ofInstead, as is often the case in the physical or biological view that had eveythig going for it but the facts. A growinginsi ,thead. asinft e trath intht thed wicl or blcal body of literature has found that the opponents of technologysarily validate the beginnung hypothesis. tend to be just as well-informed as the supporters.(1-1) InIn essence, there are a few key problems with the argu- several studies, in fact, researchers have even found that

ment, so popular at scientific conferences, that constant an- opponeit were chaacterized by an active senching for
tiscientific reporting is being swallowed whole by a gullible information, whereas the supporters of the controversial

public. The first is that systematic studies have found precious facilities were those who, "by their own accounts, were

little evidence of an antiscience bias in any of the media noticeably and, in many cases, intentionally uninformed."M)

outlets hids side of the lunatic fringe.- The second problem Although it would be premature to describe the differen-

is that, much to the chagrin of generations of mass com- tial information-seeking as universal, it has been encountered

munication researchers who had assumed they would car repeatedly in the studies done to date.|-24) One study even

tenure by demonstrating the effectiveness of one type of found that a group of citizens became amateur but reasonably

media message over anther, perhaps the most common skilled epidemiologists in an effort to obtain the types of

finding in the mass communication literature is in essence a answers that relevant health authorities were unable or un-

nonfinding. In general, studies have found that mass media willing to provide.(25) Particularly in studies of technological

reports have precious little influence on people's actual disasters, in fact, members of citizen groups often describe

views. (.3A) one of their greatest frustrations as being the difficulty of

If you would rather not ead the substantial body of octanin• the credible. scientific information they actively

literature on this topic, you may wish instead to reflect on two seek. In short, to the extent to which many of us have

pieces of information. Frst, if you think bawk on the era that long assumed that "public ignorance" has been the factor at

has seen the greatest growth of public criticism toward fault, the evidence shows we have been barking up the wrong

science and technology, namely the past three or four faultre
decades, you will realize that much of the growth in criticism How could so many smart people have been so wrong.
has taken place during precisely the era that has also seen so consistently? The problem brings to mind the definition of
unpecedented expenditures, both by govemment bodies and "expert offered by Yale University Professor Charles Per-
by private entities, trying to tell people just how safe and row: "a person who can solve a problem better or faster than
wonderful our technology has become. Remember the vast others, but who runs a higher risk than others of posing the
sums spent on "risk communication" messages about "My wrong problem."2) Is it possible that we have failed to
Friend, the Atom," during the 1950a and 1960s? Remember undertand public concerns because we have been depending
the vast mobilization that arose against nuclear power during on the wrong assumptions and focusing on the wrong ques-
tde 1970sand1980s? Second, more recent, systematic studies tiome?
have found that opposition toward nuclear waste facilities, in Figure I offers an illustration of the potential problem.
picular, has increased during the very time periods when it reflects one of the remarkable features of most discussions
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reducing the annual raft of that age-old adversary. EQDB.
EOD Figure 2 provides a simple sunmary of the relevant data,

whichare suaghtforward extrapolations fom life expectan-
cy figures for the United States. The figure shows that tradi-
t01 tional risks, or the risks of death, have dropped dramatically
over the past 150 years, such that the average U.S. citizen
today has an implied annual risk of death roughly half as high
as that of the average citizen of 150 years ago, even after
excluding the effects of literal slave labor.

0 #2 One again, if my purpose were to pander to preexisting
predilections, I could stop here and "pound the podium" about
how Figure 2 offers proof of the value of science and tech-
nology, about the ingratitude of the general public toward all
that our scientific forbearers have already done, and about the

EaM ignornce of all of those who oppose what we want to do next.

P101321. Which is do risk? ,Such an approach. unfortunately, would have a few
problems. First, if you think back to the last time when
someone started a conversation by calling you an ignorant

about risk - that almost every presentation contains a few ingrate, you will probably recall that this approach did little
technical-sounding acronyms that will be completely foreign to increase your receptivity toward that person's message.
to any but the chosen few. Figure I has a pair of acronyms The second involves the fact that we we discussing life
that re intended to fit the very same pe. The first expectancy. As the tem itsef implies, the current life expec-
acronym is EQDB, which stands for the complex, hard-to- tancy is more or less what all of us feel, with reason, that we
pup concept of the TExpcted Quantity of Dead Bodies." have a right to "expec" Not even members of the scientific
Thoe ofyou who may not yet beamong the chosen few might and technical community would be likely to respond with
wish to tink of this concept as being roughly analogous to favor to the argument that because our great-great-great-
the view of "risk" that has tanded to be the focm of attention grandparents only lived about 35 to 40 years, on average,
within the technical community to date. involving potential what was good enough for them should be good enough for
threats to human health. The EM" on the other dimension us. The third problem is that, as will be noted below, while
will not be defined until later, because the point of Figure I the EQDB has been going down, something else may have
is to ask a question. been going up.

All of us have heard the speeches and read the articles Fourth and finally, although such "podium pounding"
about putting risks "into perspective," oftm involving argu- may be undersadableorevencathartic. it reflects athorough
ments the the public is crazy to be worried about technology g of what it means to say that we live in a
X, when after all, the "real riks" of X am far lower than the society tha is technologically advanced. One of the usual
risks of alternative activities such a smoking (for almost any assumptions is that technological advances will mean that we
teelmolagy) or perhaps even lower than the risks of eating "know more" than did our great-great-grarndpaents; collec-
peanm bie and drinking a diet soda (for the mor flam- tively, of course, that is true. But individually, we actually
boyant). Such arguments, of course, make good "sound know far less about the tools and technologies on which we
bytes," and they would even make good sene if, in fact, depend - a point made initially by one of the earliest and
EQDB were the only concem. But is it possible that the we most articulate proponents of "intellectualized rationality,"
other factors involved, potentially evm including M"HIM Max Weber, roughly three-quarters of a century agoP.
such that people might reasonably be worrying about some- In the early I M0s, approximately 80% of the American
thing tha sad to say, we "expe" might have overlooked? population lived on farms, and for the most part, those farm
While you we pondering dtht question, incidentally, you may residents were capable of repairing or even of building from
wish to consider the fact that at least one member of the risk scratch virtually all of the tools and technologies upon which
assessment communityhasfinally been abletostaemsccinct, they depended. By contrast, today's world is so specialized
ly the meaning of life - life is a sexually trnmied condi- that even a Nobel laurem is likely to have little more than a
don with 100% mortMity.(P You may also wish to ask rudimentary understanding of the tools and technologies that
yourself if thete really is such a thing as *a fa woe than surround us al from airliners to ignition systernms to com-
death." puer to copy machines. Far more than was the case for our

While you we careflaly considering these questio, it gre-pe- d in shout, we literally "depend on"
needs to be noted that, due in prt to the macceases of science t htechnology to work properly, which means tht we depend
ad twemolog, we have made subatial strdes in at lst on dt system as a whole - meaning, in tnn, that we have
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become dependent on whole armies of specialists, most of Indeed, it may tell us something that over time virtually all of
whom we will never meet, let alone control. As economists the common words with comparable meanings have come to
are fond of pointing out, there is no such thing as a fiee lunch, take on a heavily negative set of value connotations. To say
The achievements of science and technology have been un- that someonie is responsible, competent or trustworthy, for
portant and even impressive, and they have helped to bring example, is to offer at least a mild compliment but to accuse
about a level of physical safety and material wealth that is someone of being irresponsible, incompetent, or of having
simply unprecedented. However, they have done so at a cost shown a "beftayal" of trust, is to make a very serious charge,

-a cost of increased interdependenCe,( 32 ) indeed. While "recreancy" may not be an everyday tern,
This point is summarized in Figure 3, which illustrates however, we need such a word precisely because of the need

the technological risk crossver. Using a very simple index to avoid the emotional and/or legal connotations of the avail-
Of infterdependen-ce, based largely on the proportion of the able alternatives. Often, even when the relevant failures are
citizenry not involved in growing their own food, this figure severe in their consequences, they result not from evil inten
shows that, during the very era when society has been enjoy- so much as f~rom a failur of foresighL At least in respect
ing a substantial decline in tradtional risks - EQDB, or doe these mistakes an often eay to understand, particularly fMr
risks of death - there has been a substantial increas in doe people who are familiar with the technological system in
risks related to -nereenene The most serious of these question In essence, die source of "fault" cua be as likely to
risks, if you will pardon atechnical term that isme to be Heoasmuch in the sinuaaiouuas in the intentions. and as much
take seriously, involves recreancy - in esecthe with orgiudzations as with individuals.=) Finally, for
likelihood thmatn expert or specialist will fail to do the job dhose who have not already figured out the connection, in-
tha is requimd.(32 cidnaully, recremncy cma also be see as the on.-word

Recreanicy is derived from the LAtin roots re. (back) and equivalent of die second acronym in Figure 1 - "EMt" or
credvre (to entrust), and the technical use of the term is "Evidence of Institutonal Mess-Up.-
analogous to one of its two dictionary meanings, involving a
retrogression or failure to follow through on a duty or a tust. TehnologlcýAl ContmverlsW hihrernty hwolv.

wthe rem is unfamiliar to most, but It is necessary becaus cot o Then Just "Fact
die need to uefer to behirvioui of lnstitotuiou or orgeiedxhoue
as well as of ndviduals and, imuportantly, because of the noed Although it is unesandable that people who wrems
for a wourd that is factual, not emotional, in its meaning c P-f1nmblindtheaelmoffacrwuurtio"reduce" rchnologi-
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cal conflicts to being simply "factual disagreements," any debates of the 1990s.
number of authors have now shown that such hopes are no Yet, when attention turns to the second question - how
more ralistic than the alchemists' ancient dream of being safe is safe enough? - the limitations of scientific expertise
able to turn lead into gold.(' 9"4" The world simply does become far more obvious. Although scientists are as capable
not work that way. of offering answers to this question as are any other citizens,

Instead, in risk-related controversis often the greatest our answers are neither more valid nor "more scientific" by
simplification we can hope for is to be able to reduce a debate virtue of having been offered by scientists. There simply is
to a pair of questions: one is potentially scientific and factual no such thing as a "scientific" way to compare apples against
and the other is not. The factual or scientific aspects of the oranges against orangutans. Instead, at least in a democracy.
debae can be reduced to a single question: "How safe is it?" when it comes to value-based questions (e.g., how safe is safe
The value-based or nonscientific problem poses a different enough?) another word for "scientist" is "voter."
question: "Is that safe enough?" As would be emphasized by Although it may make a great deal of sense for narrow,
any risk assessor who cares about his or her scientific technical questions to be delegaed to narrow, technical ex-
credibility, even what I am calling the "scientific" question pers, oneofthe fundamental principles ofademocracyisthat
her often will come down to what Alvin Weinberg called a the broader, guiding decisions should reflect "the will of the
"assw-scientiflc" question (i.e., one that can be asked in governed." As Perrow's definition of "expert" would sug-
scientific terminology and may seem answerable in principle, get, moreover, scientim' amwers to thes value-based ques-
but one that will ofte prove in practice to be effectively tions often differ markedly fronm the will of (the rest of) the
unsrtswerable during the tire we most waot or need an govemed-oftenbyplacingmoreemphasisoncost-contain-
uswer).40 Will a planned nuclear waste repository be able mot and efficiency while placing lea emphasis on long-term
to keep nuclear wastes away from the environment for 10,000 safe.(39' 4143) So long as we are, in fact, just implementing
yeu, for example? We may certainly need to hope so, but decisions that do adequately reflect the will of the goveed,
the only way to answer the question with what we would our emphasis on efficiency can be a very good thing, but if
nomally me as scientific crsnty would be to build such a we are being asked, in effeM, to be making decisions, for
faility and then wait a few centuies. A trly "scientific example, on "how fair is safe enough?"(32) we ar stepping
amwer may ultimately become available but may do so too into a role for which we an clearly the wrong people. It may
bat, to provide a usefl mi ce of information for policy be for a rme thal we want eficiecy from our mechanics



156 Chemical Risk Assessmen~t

Fact I1: The Three Stages of Awareness
(from O.D. Duncan, 1978)

Stage 1: Technical Question
(WIll1 It work'?)

Stagp Z Economic Question
(VWil it work economicallyn

Stage &: Sociopolitical Question
("What will the technology do to society,
and what will society do to the technoloy?

Fact 2: The Law of Probable Dispersion

Whatever hitls the fan will niot be evenly distrfbuted.

(also known as the 'How Come It All Landed on MeO Law)

Fact 3: The Paradox of Bucks and Blame
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variables. Many of my scientific colleagues an surprised teeobservations "facts" as i taking credit frte;at leas
when they firs heaw this belief characterized ns a "fallay." h is two of the three have already bewkentfe by
After all, thesei us technological" systems aren't they? We someone else. and I fruiky would not be surprised if even
do, in fat, use that terminology, but technological systems the thir of them were not also to have been said elsewhere
include "techniques," "tehnicins," and "technology." In beoe
fact when was the last time you heard of a major technologi- Fact #1 haa been adapled relatively freely from Dun-
cal disaster being blanmed an anything other tha "human can.(") My version holds that, at least for the technological
error?" There an a few isolated examples, but for virtually contoversies that have erupted lnow publi awarmieass the
all of the fiascoes tha have become housnehold tem - social. politicaL culturual d -value- questionsahave received
Challenger, Chiemobyl. IBopsL, Exxo Valdex or eve the auttetion only late in dhe gemse. Initially, when the only people
H ~bbl space telescope - one of the commionalites is that paying attenstion to (whet will eventually become) a teciiol-
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ogy are scientists and engineers, attention tends to be focused volved, we devote from 0% to 3% of our research budget to
only on what I call the Stage I question - can this idea be human and organizational factors thdt account for 80% to
made to work? Ofhe, the answer is "no." but for a subset of 90% of the risk.
the cases where the answer is "yes," attention next comes to
focus on the Stage 2 question - can it be made to work Conclusion
profitably? Here again, often the answer is "no," and the idea
is soon forgotten. For a subset of the potential technologies, Penhist the simplest way to summauize is to note that
however, attention soon comes to focus on the Stage 3 ques- sdientists and the genera public tend to have dramaticallytion-•can it bemade towork ina•way that wifllfit in with diffeenmtlevelsof faith in technology -and in those who
the rest of society in a way that is reasonably appropriate? manage it - with the realization that "faith" is, in fact, theAh hthe rest mpfsocietyions fa r way estis reasonblty appropria- correct word for describing the orentations of scientists, asAlthough the implications for domestic tranquility are unfor well as those of the general public. 1"'46'47) As responsible
tunase, often the fact is that this third question is reog scientists are often among the first to point out, those of us in
as a question only when at least the initial answer appears to tesinii omnt r eteonsin o nalbebe "o."Equllysad in anysuc caesif oly he uesion the scientific community are neither omniscient nor infallible.
be "no." Equally sad, in many such cases, if only the quEven spending a lifetime in studying natural laws may not
had been recognized and addressed atan earlier stage, it might
have been possible to develop the technology in a different allow an individual to repeal any of those nLuwl laws - and

way, creating fewer disruptions both for the developer of the
technology and for society more generally. Anyone who has spent a significant amount of time in

Fact #2 tends to be both a reason for the recognition of science knows that errors and missed guesses are common,
the scgiopolitical questions andareason for then sthat not ram. Experiments fail to work propery, cherished
follow. It involves the "law of probable dispersion," which I hypotheses are demolished by the data, papers take three
first saw on the wall of a graduate student office at die times as long to write as had been expected, and the phone
University of Wyoming in 1975. Given its almost universal always rings at the wrong time. Although both the scientist
applicability, various versions of this principle have been and the common citizen have some recognition of this fact,
published in a number of "Muiphy's Law" compilations. and however, the two are likely to differ substantially in interpret-
failures to take the law into account have made a mockery of ing its implications. To the scientist, such errors and problems
any number of contingency plans. In an analysis of the tend to be altogether unremarkable; the point is simply to
response to the Exxon Valdez, for example, Clarke found learn from one's mistakes, and indeed, a popular book has
that, although several of the five contingency plans for spill r (e i "the role of falure in successful de-
responsea could be said, charitably, to have anticipated a spill Sign.
of such a magnitude, none of them could be said to have The problem arises when we move from the laboratory
anticipated the ineffectiveness of the response.5 One of the to the real world and when the scientist's mistake is not just
key reasons is that all of the plans effectively ignored the fat a source of new information but also a source of new and
that real-world organizations tendto be at least vaguely aware tangibl consequence. The problem, in short, arises from the
of the law of probable dispersion, and accordingly, much of possibility that the scientist or the agency will make the
the early response to the spill was characterized more by the mistake, but the citizen will be forced to live with the conse-
effort to pin the blame on other organizations than to work quences, particularly in cases where there is a chance for
with them. those consequences to be severe.

Fact #3 is a distillation of my personal observations of Today's citizen has learned for good reason to suspect
essentially all of the technological fiascoes I have been fol- that things may not work as advertised. The world is full of
lowing, at least in the United States. In most such cases, three con arists, stereotypical used car salesmen, and others who
stags can be readily identified. In stage 1. before the acci- have something to gin from promising more than they can
dent. a great deal of funding may be devoted to research in a deliver. Given the realities of an increasingly complex and
variety of disciplinme but almost none of that funding will be interdependent world, it is not the least bit unreasonable for
invested in systematic analyses of human and organiztional a citizen to ask what danger might be caused if a specialist
behaviors. Usually, the range will be between 0% and 3%, fails to fulfill a promise. From this perspective., in fact, what
and I have yet to encounter a case where the investment has may be unreasonable is the way in which those citizen respon-
been as much as 5% of the total research budget. Stage 2 sea have been interpreted by the scientific community.
involves the investigations that ar carried out after the acci- The sad fact is that those of us who make up the scientific
dant, during which some 80% to 90% of the blame will be community have spent many yews dealing with public con-
attributed to humans, not hardware. In Stage 3, of course, ceres in a decidedly unscientific way. The public has been
becaue we am rational scientists who learn from our mis- both denounced and "-educatd" but rarely studied listened
takes and becamme we warn to make sure our risk-management to, or understood. The net result is dta public opposition has
investments am proportional to the real sources of risk in- gprwn to levejs tht am virtually unprec nted, and the rate
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of progress toward dealing with many forms of technological Wasee Swa Feily Une 1 rm990).ol es h So
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Participation in Risk Assessment and Management

Frances M. Lynn
Institute for Environnental Studies, University of North Carolina at Chapel Hill, Chapel Hill,
North Carolina 27599-7410

The following is the abswact of the presentation by Ms. Lynn. the models and assumptions that scientists and engineers
Her paper is not availabkefor publication at tis wise. choose. However, this new understanding still kept the public

debate focused on scientific and technical issues. Increasing-
Technical expertise and empirical scientifc validity have ly. citizens are insisting that nontechnciai, societal, and cultural

not proven to be a sufficient basis on which to make decisions values be included in policy deliberations. New forms of
about the conduct of technological development in the United dialogue, collaboration and cooperation among citizens,
States. This is partly because our conception of the nature of scientists, and policy makers exist that make risk assessment
science and engineering that undergirds regulatory initiatives and management decisions lass contentious and more reflec-
and technological proposals has changed. From an initial ive of the American democratic system.
definition which stressed probabilistic, if not objective science,
we moved to an undemstanding of the role that values play in
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Ethics and Risk Management

Douglas MacLa
University of Maryland, Baltimore County, Catonsville, Maryland 21228

For more than a decade, some of us haew been involved of value embodied in revealed prefiern theory.
in dicussions and arments about the ehc of risk manage- 2. Those directed at the methoddlogical individualium
ment. Part of that debate has bee sbout the methods and 3. Those directed at the decision rule.
appimlicaio - of prescriptive analysis In maldng decisions Ini-
vovk publi risk. By "prescriptive anlysia," I mean any Objections to the behavioral and monetary standard sug-
systenmaic approach - It need not be quantitative- to asist gest that cost-benef methods cannot account propery for
risk manapm In making decisions consistent with th*er value special or sawred values, or for moral conflict. The most
judgments and their inforation about a problem. No one publicized criticism of cost-benefit analysis is thdt it puts a
could seriously object to promotive analysis per o, but Of dollar value on human life and health or on protecting the
course, anlyt mumt use somne particula meftho, and df-

ferent methowds can raise different o meto d, envirnmen It invites us to regard these things as corn-

In the early days, the etic used on cost- modities and to show a willingness to trade them for other

benefit methods for asseing dslM and comparing trem to "consumer" goods, a willingness that many would take, in
other values. Cost-berneit analysis Is subjec to a number of itself, as a sign of moral corruption. Of course, the defenders
serious objections, which will be very briefly described in this of cos-benefit methods argue that deciding what to pay is
paper. what risk management is all about; therefore, the only issue

is whether we are going to be honest and explicit about it.
Introduction The debate has not, in my opinion, been resolved, but this

Cost-benefit analysis has a conception of value and a objection suggests another and deeper criticism of the be-

decision rule. The classic cost-benefit conception of value is havioral and monetary metric of value, that it will surely lead
to moral distortions. Some of our more cherished values may"revealed preference theory," which holds that the stat 11 be tarnished or cheapened by our showing a willingness to

point for identifying values in a prescriptive analysis is an betrihdoceandbyurswngailnnsso
individuae's prefygance for so cthripg, analrpysd and pay for them. Take sex, for example; it is an important value
inasurdivid a.wllinsnpreferee for sm thaung. R ud for which many people sacrifice greatly, but it is not uncom-
measuredal f omic data, bort for these same people to ba willignes to pay for thtpeit. Our

preference theory tellus sto look at real economic data, but consumer behavior does not always reveal our most sincere
if these behavioent silcuirea seem excessively rigid, we c and reflective thoughts about what is most important; nor can
modify the evidential requiremnts to include continge it show the difference between being indifferet, because the
valuation methods or expresd p ence theory, alternatives seem to us pretty much equal in value, and being

The cost-be i conception of value is also individualis- conflicted or unable to choose, perhaps because we find the
tic. All values monefized as individual willingnes to pay. alternatives incomparable on a single scale of value.
The cos-benefit decision rule says that after all risks, values, We also live in a world of other actors and choosers,
and preferences for each individual have been assigned whose behavior affects our outcomes. Our rational choices,
monetary values, they should be added togethe ard the both in the economic and in the political sphere, will often be
alternative chosen that maximizes net benefits (or an altema- strategic. I act in part on the basis of my beliefs about how
rive chosem if benefits outweigh costs). my behavior will influence the beliefs and behavior of others,

about how my behavior will influence another's beliefs about
CUseIG my beliefs about hisher behavior, and so on. We simply

Cot-benefit analysis has been criticized both for its caHnot infer preferences or values directly fron observing a

conception of value and for its decision rule. In turn, the rational person's choice behavior.

conception of value has been criticized, both for its moetary Criticisms of the methodological individualism of cost-

stsuadad and for its methodological individualism. Thius, we benefit analysis call attention to concerns about distributive

have thre kinds of criticsms to consider justice. Simply aggregating risks, cost, and benefits will lead
to decisiom that will especially disadvantage the poor, rural

1. Thos directed -a the behavioral ad monetay standards poplations, and (because of the discount ra applied to all
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monetized values) future generations. Of course, adjustments rule is not an algorithm but a prescription. We can reject it,
can be made to the preference theory to counter these implica- and decision analysis can even prescribe against its own use
tions, but unless they are made simply to correct for "income in a given situation.
effects," they are either ad hoc modificaions or else they lead Decision analysis is supposed to be a fornalization of
in the direction of another method of prescriptive analysis, common sense, to be applied especially to problems that ae
decision analysis, which I shall discuss presently. too complex to rely on common sense alone to analyze ade-

Consider an example that illustrates both the objection quately. It is based on the axioms of utility theory, which can
about distributive justice and the problem with the cost- be interpreted merely as defining a coherent and consistent
benefit decision rule. Suppose we have a given amount of set of preferences. We can fill in the values however we
resources and must choose to spend the entire amount on one determine we should, and we can reflect uncertainties to any
of two alternative projects. One project would reduce. by a degree of accuracy.
given amount, the average individual risk of premature death I do not mean to suggest that decision analysis as a
and would save, let us say, ten lives over a given period of method is completely immune to ethical doubts; however, I
time. The second project would reduce, by a greater amount, do think the criticisms that can be raised are rather recherchi
the average individual risk of premature death in a sparsely and abstract Moral problems can certainly arise in any ap-
populated rural area but would save only five lives over the plicanon of decision analysis, as its proponents have been
same period. Assuming all other factors me equal, the cost- quick to recognize and admit, but I think we must agree with
benefit decision rule would tell us simply to reduce the risk Ron Howard that as a method, decision analysis is basically
of the urban population. "amoral, like arithmetic,"M1) or with Ralph Keeney that

Now, I do not mean to suggest that this decision is clearly decision analysis can be made "consistent with any of the
the morally incorrect one or that our intuitions about distribu- major ethic theories."(2) To see that this is true, consider how
tive justice dictate that we must do otherwise. Indeed, in cases the proponent of decision analysis would respond to the three
like these, I think it is very difficult to know what to do. The kinds of objections I raised against cost-benefit analysis.
objection to the cost-benefit decision rule is that it short-cir- Because decision analysis is silent about how we value
cuits the dilemma. Government agencies that have suggested a state of affairs, we are free to include special values, sacred
using a cost-benefit decision rule have been criticized or sued values, noamarketable values, and so on. The only thing we
for abandoning their legislative or political mandate and for me required to do is compare and rank different alternatives
approaching the special values they were created to prote consistently. That can be done without prejudice to the nature
with the cold and detached eye of an accountant looking only of our concerns. Even if we take some values as absolute,
for the biggest "bang for the buck." Distributive justice does unable to be traded off without being compromised, decision
not carry much weight in analyses. analysis can reflect such rankings too. Decision analysis may

This criticism may also point to the special nature or show us how difficult it is in practice to regard some values
sacredness of certain values, which may call for certain in this way and to remain constant; however, the analysis can
symbolic measures. In any case, it suggests the importance of do this with a certain "lightness of step" without being con-
procedural values to which cost-benefit methods ae entirely descending, nagging, or simply obtuse.
blind. In the example of the choice between urban and nral The minimal substantive moral commitment of decision
risk reduction, perhaps the concerns about distributivejustice analysis also means that it is not committed, as is cost-benefit
me best met by adopting a procedure for making the choice analysis, to methodological individualism. If a state of affairs
that represents the concerns of both sides fairly. Emuring that includes nonreducibly social values, these can be included.
decision rules reflect diffrent procedural values is surely of If we value certain moral rights, for whatever reason, then
rimay impornce in resolving many risk disputes. they contribute value to the state of affairs in which they ae

Thus. there ae three kinds of ethical objections to cost- recognized and protected. If we value fair distributions, then
benefit methods. The behavioralnd monetary conception of we can likewise include distributions of risks, costs, and
value introduces moral distortions and fails to reflect special benefits among the attributes that add value to a state of
and sacred values. The methodological individualism leads affaim. We can do this either through weighing the outcomes
to decisions that ignore our concerns for distributive justic to some individuals or groupa more heavily than to others and
and the decision rule is incompatible with procedural values. then aggregating them, or we can do this by measuring the

In the discussion of the ethics of risk management, how- fairness or unfairness of the distribution of risks or conse-
ever, cast-benefit analysis is a thing of the past. Recently, the quences in a state of affairs directly and including fair dis-
discussion has shifted to decision analysis, in large part tutionitelf as an attribute of utilit.
because decision analysis can avoid th criticisms just Finally, decision analysis allows us to count a state of
described. Decision analysis makes a mininum commitment affa- betr in which a decision is reached by using a favored
o may conception of value. It is thus flexible in determining pcdur rathe than a state of affair in which oherwise

how alternatives am weighed and compared. The decision identical consequences am realized in a different manner.



Thus, if we must choose between saving the lives of ten know more about the values of justice relevant to risk
urbanites or the lives of five rualites, we could decide that management. In particular, there are two issues we need to
the best outcome of all is to invoke a fair procedure that better understand. The first is the connection between fairness
detennines that we shall save the ten lives. We can then and procedures. If we invoke fair procedures, or even if we
decide whether the outcome of invoking the procedure and distribute risks equally, to what extent does this relieve us
saving five lives is ethically better than saving ten lives from having to be concerned with unequal outcomes? When
without invoking the procedum. Which outcome we value we dhse outcomes unfair or unjust? This question points to
more will depend ultimately on what we think about the the role of compensation, which suggests a second central
importance of invoking the pmcedures as compaed with the question about justice. Part of understanding the special na-
importance of risking the loss of the five extra lives, but ture of certain values or the qualitative differences among
decision analysis will allow us to go either way on this choice. values is understanding the limits of the ability compensation

The nmo one comes to appreciate the flexibility of to achieve justice. Compensation can fail in two different
decision analysis, the more convincing is the argument that it ways for different reasons, either because a benefit fails to
is indeed substantially ethically neutral However, another equal in amount the loss for which it is meant to compensate
conclusion to draw from these arguments, as the example or because it fails to un the loss because it iseanfailure in
about procedural values dermosawtesclearly, isfthdecision t i be nefit oqied Whe wessay that a loss in
analysis does not help us at all in resolving ethical conflicts the kind of benefit required. When we say that a loss cannot
or making moral progress in risk management because it be compensated, we can mean either that it is too great to be

gives us no moral guidance. The only value it promotes is offset or that it cannot be offset by the nature of the value.

consistency, respect for which may well constitute The importance of understanding this differnce will be to

over our normal practices but hardly scratches the surface of understand when risks can be imposed, if the losses are

our ethical concerns. Once we become convinced that compensated, and when risk-imposing activities should be

methods of prescriptive analysis need not be ethically prohibited morally.
suspect, the moral debate has been neitherconcluded noreven Finally, we again see similar issues arising when we look
advanced. Everything remains to be don and what emains for morally adequate decision-making procedures. In risk
is a lot, management, these will often involve a requirement to in-

volve affected parties in the decision-making process, to
Conclusion secure their free and informed consenL Again, the kind of risk

Let us look one final ime at the three kinds of objections research we have from the social sciences does more to

to cos-benefit analysis. The firt, you will recall was the underscore the problems than to suggest solutions. Hem we

behaviorist and monetary conception of value, which tusrn have to confront the limitations in human judgment, our

out to be morally distorting because it is insensitive to a range tendency toward preference reversals (which raises deep
of special and important values. Decision analysis allows us problems about the coherence of our values), and the difficul-
to be sensitive to these values, but it does not tell us how to ties of finding effective and nonbiasing ways to communicate
be sensitive to them, and that is our problem. What ate we to technical and expert information.
make of values that seem compromised when we ae asked What are we to make of all these problems? I do not
to determine their economic worth? We know that people feel know, and I do not think anyone else knows very well either.
this way about a number of the things that are important I would like to see some progress made on the ethical issues
subjects for risk maugemenL Our surveys on risk altitudes in risk management, and perhaps we shall when we can put
tell us this and the few anthropological studies in this area aside our doubts about prescriptive analysis per se. I would
may help to explain them and their role in the fabric we call like to contribute to this progress in our moral understanding;
culture. However, we still do not know how risk managers however. we all need to provide more support than this
should tiptoe aound these issues, or what role a government subject has received.
agency may be expected to fill in giving thee values the
symbolic or expressive actions they dmn anud lmt lives, as RhoUUIcs
well as serious economic consequences, an at stake.

Similiary, even if one method of prescriptive analysis 1. Howd RL.A: An A,.m•sew of Decsmuo Anuyi. Opt•nm Re.28:4-27 (19110).
fails to reflect the concerts of distibutive justice and anodh 2. Kmnsy. LL: Eba, Decis Amayms md Pblc Risk. Risk A21L

one does not essentially fal in this regard, we still need to 4:117-129(19S4).



Regulatory Decisions and Risk Management

Emmanuel Somers, Ph.D., D.Sc.
Drugs Directorate, Department of National Health and Welfare, Ottawa. Canada

The procesne of risk assessment and risk management governments to manage the risks from chemicals may, for
have been subjects of evs-Inc i study in recent years. snmpicity, be considered under three headings: educational,
Sterng from their application to engineern and nuclear economic, and regulatoy. Each one may, of course, be ap-
safety, these techniqiues have been extended, particularlyn plied in conjuncton with die others. The regulatory option
North America, to Include the potential health risks from -_ the one most immediately associated with government
hmicals. The results have been important in terms of public on - should be considered as encompassing the range

policy, as we wean the public from a beilef in absolute sat" from promuld at todre d guideline ange
to an understanding of the palty of risk. The concept of fromulgate acts to rcmended guidelines and codes

eptable risk gained modem currency from the seminal of practice.
paper of Chauncey Start'P and Loane's(2 ) thoughtful book. The educational approach can serve to make producers.
The distinction is, of course, between what is acceptable by workers and the general public aware of the risks from
whosoever makes the assessment and what is accepted by chemicals so that they can voluntarily take the requisite action
those who live with the risk. More appropriately, we should say to reduce or avoid the risk Public information programs can
"tolerable rather than acceptable," for that Is indeed what we enhance health promotion by advocating such sensible life-
are prepared to live with for a defined period. styles as avoiding smoking, taking alcohol in moderation, and

Thes studies gave a measurement to all thmo Well- exercising regularly. Governments can strengthen the impact
known impulses whereby individuals subject themrielve to of these prgram thrugh advertising in the media to suscep-
the hazards of siding, alcohol, or motor bike but react npga-ro gr ad t n
tively to fluoridation, food additives, or pesticide residues, J tble groups (e.g., the young) and by the persna example of
of which are regarded with suspico because they are ira community leader. Wodes can be educated in the hazards
posedfrom outside. The acceptanceof a riskdepends notonly of chemicals by courses, lectures, posters, films, and by
on the ascribed level of risk but also on our perception and explicit labeling of ctemical products. Through government
degree of understanding of that risk. Public perception of risk agencies and supported product testing studies, consumers
is often markedly at variance with the estimates given by can be made aware of the need to use household chemicals,
professional scientists. We are only beginning to explore the cosmetics, pesticides, and fertilizers with care and attention.
reasons for thes fears and concerns. Sometimes the gap can Positive reinforcement, by publicity, can be given to those
be overcome by education, but more often, it represents nfacture• s and producers of chemical products that show
deeper, more firmly held beliefs. Psychologists have shown corporate responsibility to their wokers and the public in
how important in risk Perception are such factors a unknown their treatment of chemicals, both within and outside their
globaWwatastrophic, increasing, uncontrollables, and fearsome plns
rresearch has been used to explan and forecast
acceptance and opposition to s tehnologie, pwtic- Economic options can provide both positive and nega-
lady the nuclear industry. In the final analysis, public accop- tive incentives to the effective control of hazardous chemi-
tance of a risk depends on public confidence in its effective cals. The "polluter pays" is a principle espoused by the
m)nt, whereas toerance of certain risks can be Organization for Economic Cooperation and Development(5)
linked to an expectation that altemrave wil be developed, with the intention of maintaining equitable trading practices
that furlher controls will be established, or that a specific uLs by encouraging polluters to reduce emissions. In general, the
will be discontinued, use of effluent charges will encourage polluters to reduce

emissions until the marginal cost of further abatement ex-
Introducdon coeds the chare itself. (

Management Strateg/e Other economic insruents include pollutiontreldelay penialties market emisson permits, and subsidies.(7) In

Regulatory agencies a required to advise on the rnso. the first cae, schedules ae established in which the maxi-
lation of the scienfi estimation of risk to the appropriate m allowable emissions are decreased over time. Market
risk management option. In the fial analysis, rsk managp- emission permits may be issued specifying maximum
must decisions ae political because they must respect social, cumulative and dispersive emission levels for particular poi-
cultural, and economic realities. The options available to iniats. Subsidies such as grants for pollution abatement
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equipment may be used as a monetary incentive for pollution new products and goods - and, he.ce of new hazad. The
controL Tax deductions, rebates, and credits all play a part in state does, of course, referee the process and. on occasion,
the total fiscal policy of governments' economic control of assumes direct involvement through public enterprise. Con-
chemicals.s) U of toxic substances can be applied from manufacum to

Regulatory options rely on government authority to en- disposal. Federal jurisdiction, particularly the cimnal law,
force compliance with specific health and safety require- trade, and commerce powew, provides the basis for the major
merts. The authority can be through the force of law and acts designed to!otect the health of Canadians from environ-
prosecution or through the more gentle mute of persuasion mentalhazards.01) In all, fortoxic substances, there are some
and recommendations. In principle, the essential elements for 27 federal statutes that exercise some form of control, and the
a health protection control program follow this pathway: 10 provinces have enacted some 100 pieces of legislation.

In general, the choice of measure and strategies for
IvaigatiAsewarc -)C-te-Standards ' regulation depend on the existing legal and social constraints
Regulations -+Enforcement and Complance -+ of the country. Some counnies, such as the United Kingdom,

make use of self-regulation while others, such as the United
That is to say, investigation and research lead to an evaluation States, apt a more rigorous approach with reliance oan the
of the health hazards, formulated as criteria. From these courts.(1 2) The Canadian approach represents an inter-
criteria, health standards ae derived which we, in turn, con- mediate pmition and can serve to illustrate the general prin-
vert to a legislative reality when promulgated as regulations. ciples of managing toxic chemicals.
The final stage is the enforcement of these regulations, so that
if they are not achieving the original intention, the cycle of Scientfic Estimation of Risk
investigations to regulation will be repeated once more. Ideal-
ly. such measures relate achievements to needs.(9) A numerate society such as ours regulates by numbes

Regulatory agencies, which control noxious agents, need For chemical risks, these numbers ae derived from
a solid number to give credibility to a regulation, standard, epidemiology, particularly for occupational health analysis
guideline, or even a recommendation."1) Whatever the wher workers have tragically been exposed to such chemi-
strength of the regulatory action, anumbercan be aconcentra- cals as vinyl chloride, asbestos, lead, or arsenic; from animal
tion (e.g., milligrams per liter [mgtL]. micrograms per cubic tests on mammalian species; and from in vitro analysis.
meter [tg/m")), a ratio (e.g., parts per million [ppm]), an particularly for genotoxicity. In recent yeas, the use of bios-
emission or discharge rate (e.g., kilograms per day [kg/day]), tatistics to provide quantitative risk assessments for car-
or a deposition application rate (e.g., kilograms per hectare cinogenesis has led to the use of calculated numbers to
[kgla]). Essentially, the number enables us to make a judge- develop policy decisions on the regulatory control of chemi-
merit as to what is safe - or, more properly, an acceptable, cals. This approach has been particulary favored by the U.S.
tolerable risk - as opposed to what is negligent or criminal. Environmental Protection Agency (EPA). It is usually ac-

The number should be enforceable and be amenable to knowledged that a lifetime risk of 10"6 is so low as to be
change as new knowledge develops and as social values generally acceptable. Nearly all regulatory decisions on
change. At best, it will be an approximation without giving chemical carcinogens involve higher levels of risk. In
an absolute guarantee of freedom of risk. Canada, for example, die lifetime risk of being killed by

Guidelines, although expressed in the same way as stand- lightning is 1.4 x 1-.3)

ards, am envisaged more as recommendations that do not The application of guidelines for risk for animal car-
allow legal recourse to ensure compliance. They we par- cinogens in drinking water in Canada has been given, at their
ticulaiy valuable in ensuring uniform environmental quality maximum recommended concentrations, as annual risks of
where the responsibility for public health protection is shared cance of2 x 10-1 for nitrilotriacetic acd (NTA), 5 x 1077 for
with other jurisdictions. Guidelines am also developed by, ihalmand 2 x 10- for alachlor- at 100 ppb formal-
and appropriated to, internatiorW agencies such = those of dehyde in indoor air, the annual risk of canc is 7 x 10-7.('4)
the United Nations. In addition, guidelines am flexible, These am very low annual risks - much lower than that for
without enforcement costs, and serve as an incentive to in- radon in indoor air at 800 Bq/m3 which anslates into a much
dustry. However, they have limited power (other than public higher annual lung cancer mortality risk of I x 10-3. This risk
persuasion), can be disegarded, and am capable of misinter- is comparable to the yearly chance of a fatal injury among
pm•abon. workers in the manufacturing industry or the government

The Canadian approach to risk managemen derives from sector. 15)

the appropriate legislative authority - both federal and The use of numbers such as these can give an unwar-
pncial In general. the Canadian politia sytm has anted sense of security. They are extrapolated from animal
adopted a liberal democratic view of the stare. It accords to data with all the variability that brings; for canc, the shape
market forces the primary initiaives in the introduction of of the doe-response curve, with inadequate exposim and
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dose data. then derived by different statistical and stochastic PCS include environmental health criteriadocnenrts, health
models, has a profound effect on the calculation of risk. and safety guides, international chemical safety cards, poison
Knowledge ofdelivered as opposed to administered dose will information monographs, acceptable daily intakes for food
greatly alter the risk estimate if them are protective barriers additives, and pesticides. These are all used by member stales
or detoxifying mechanisms for the chemical, as for formal- to set their standards for safe levels of chemicals in food, air,
dehyde or NTA. The mechanism of action can strongly in- drinking water, the workplace, and the environment.
fluence the dose-response. Risk management requires that Risk management is entailed in the IPCS objectives
we develop risk estimations in this fashion, but we should not devoted to the prevention and response to chemical emergen-
be deluded, nor delude the public, that the science is exact cies and accidents. New proposals that will probably be

In addition to the frailties of biological data are the considered at the United Nations Conference on Environment
uncertainties in scientific observations. Diagnosis of neoplas- and Development in 1992 in Brazil envisage that the IPCS
tic lesions has a subjective element and is affected by such should take on a greater role in providing risk management
factors asdegree ofautolysis, tissue preservation and fixation, advice and protocols to member states, particularly develop-
as well as the distinction between benign and malignant ing countries.
lesions. With biological data, there is always an observer
factor like the uncertainty principle in physics. Risk Pwceion

An example can be drawn from the environmental con-
taminants dioxins and furans. Clearly 2,3,7,8-tetrachlorinated un the future of risk estimation lies with advances in our

dibenzo dioxin (TCDD) is an animal carcinogen, but there ae understanding of the basic biochemical processes that under-

few chronic toxicity data available for risk assessmen and fie the toxicology of chemical-cell interaction, then the future

the choice of assumptions and the methodology used can of risk perception lies with understanding the psychology of

profoundly affect the results obtained. Hican16) has our attitudes. The structured ordered system of risk assess-

pointed out that when the potency of 2,3,7,8-TCDD is com- ment depends on rational argument and logical thought, and

pared to that of other polychlorinated dibenzodioxins admirable though these qualities are, they are not necessarily

(PCDDs) and polychlorinated dibenzofwum (PCDFs)tocal- overriding factors in our ultimate decision-making. The

culate the toxic equivalent factor for a mixture of words "risk perception" are used to describe the subjective

PCDDS/PCDFs, the resulting virtually safe dose or accept- process by which we intuitively assess risk.(13) What may

able daily intake as calculated by different agencies can range seem to experts to be the public's misjudgment of objective

froxn 0.007 pg/day for the U.S. EPA to 10 pg/day for the risk estimates may, in reality, be a reflection of deeply held

Canadian Department of National Health and Welfare, social and cultural values. These fears and concerns must be

depending on the assumptions made as to mechanisms of understood by decision-makers if they are to gain public

toxicity, extrapolation to humans, and such. JM tm acceptance of risk management strategies - as those respon-

be a 1000-fold difference in estimates based on the same dawL sible for citing nuclear reactors and hazardous waste dumps

This is for compounds where there has been no adequate have learned.

demonstration to date that human populations have suffered It is perhaps worthwhile to examine some incidents in

excess cancer. Canada where, following Jung's aphorism, reason has been

Science cannot always give the clear, definite answers replaced by slogans. The most dramatic was certainly the

that the media and the public expect. The limitations and the public reaction to the government ban on the sale of urea

strengths of science must be better apprecia as we develop formaldehyde foam insulation (UFFI) under the Hazardous
our risk assessmenit process. Products Act in 1980. At that time, it was judged to be the

appropriate regulatory mechanism to control a product that
iktWM onal ASPWM released formaldehyde, a chemical of known toxicity with

recent evidence of carcinogenicity to rodents. What clearly
The International Program on Chemical Safety (ICS) is was not realized was the dramatic effect such action would

a cooperafive program of the World Health Organization, the have on the house market. This served to fuel a hysterical
International Labour Office, and the United Nations Environ- reaction to the potential hazard of formaldehyde so that it
mert Program established in 1980 and now with over 30 became impossible to maintain a middle line that there was a
countries participating. The IPCS has close relationships to risk but that it was not an overwhelming one. During the
the Organization of Economic Cooperation and Develop- height of the campaign by irate UFFI home owners for
mint, the Commission of the European Communities, and the conipenaion, articles apeardM daily in the press, particular-
Food and Agriculture Organization. The objectives am ltage- ly in Quebec, which "fanned the flames." The phrase "Les
ly devoted to risk assessment for chemicals mvering estima- Victim. de La Miuf' arose and ministers were pilloried.
don of their risk to human health md the environment and Hundreds of millions of dollars of public money has already
method development for risk evaluations. Produm from the been expended in compensation and lost taxes, and some 11
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years later there are still many cases outstanding in the courts reaches iratonal proportions, no amount of sound carefu
against the Canadian government. The nature of the public ratiocination will assuage the public's fears. Deeply held
response was clearly out of proportion to what was known of human emotions become impervous to the reasoned ap-
the potenrtial hazard in 1980 and what has subsequently been proach of experts
confirmed by epiderniological studies.Y'* Therefote those involved in risk decisions should learn

The psychopathology of this cams cdlfbre would require to recognize the warning signs when slogans overtake meason.
the combined skills of a behavioral psychologist, a The Canadian experience of Chernobyl shows that it can be
psychiatrist, and a poet (for the latter are often the most done. Increasingly, the public receives its information
sensitive to human emotions) to elucidate. What is clear, through media other than print and so sensationalism and
however, is that at some point the risk became unmanageable. emotional engagement are emphasized. Print is a more intel-

The nuclear disaster at Chemnobyl occasioned much lectual medium that lends itself to scientific analysis. The
public concern, although Canadians received extremely low challenge that risk managers face is to understand and ap-
exposures. The total dose (55% ingested from milk and foods) preciate public concerns and direct them to logical argument
for May and June of 1986 ranged from a high of 1.63 and sober consideration. The more we know of the psychol-
microsieverts in Vancouver to a low of 0. 17 microsieverts in ogy of risk percepcion, the better prepared we will be to deal
Toronto, with a national average of 0.58 microsieverts.09) with these most difficult, and often most political, stitations.
Eistirnates for 1 year of exposure give a national average of
2.3 microsieverts. Compared with the average annual ex- RlfsrencS
posure to background radiation from natural terestrial and 1. Str. . Social Benefit Versus Tecluwlogical Risk. Scen 21: 1026--
cosmic radiation of 440 to 790 microsieverts, one can see how 1028 (1969).
relatively low these exposures were. The estimate of risk from 2. Lowrance. W.W.: Of Acceptable Risk. 180 pp. W.JKaufmnann. Lms Altos.

the 2.3 microsieverts is on the order of 1 in 50 million cancer Cuona
riskperlifeime Ye, th Chrnobl iciint risei ~3. Slovic, P.: perception of Risk. Science 236:280-285 (1987).
riskperlifeime Yet di Chenobl inidet rasedmom 4. Star., C.: Risk Mmanaement. Assessment awl Acceptability. Risk AnaL

information requests than any othe single topic in health 5:97-102 (1935)
protection over the last 20 years. The phone lines were 5. Orgaziration for Economic Coopersdoaind Ieopunat (OCED):

blocked with more than 5000 calls. Economic Instrum'm Revi~ew and Out)lo. Background Paper
Clearly, in neithe instance were we successful in corn- EaviECltCI43.9. Session 9. 1fnwkimlConfereconEaviromnea

municating to the public the magnitude and importance of the and Economiacs. Paris (March 14.1964).*
&Economic: Council of Canada: Refonuing Regulation.Supyade-risks. Public concern did not dutifully follow the orderedviwOta.Csd(18

analysis of risk. However, in the case of Chernobyl, it could 7. Organizaton for Economic Cooperation and Developtnme (OCED):
be argued that by an open and informative policy the public EaiYUIXIIIIW Commnittee Group of E~couioic Eqxprts (1983).

Economc Instuments: Review and Outlook. Background Paperwere eventually reassured. EaWCOOCI/483.2O. Session 9. lasemnational Conference on Environ-
A more recent example can be drawn from our review of mint mad Economics. Paris (December 30.1983).

recombinant bovine sornatotropin (BST), a biosynthetic ver- L. Krwkld. D; Dirtwood. PI_ Regulatory and Non-Regulatory Options
of Risk Managefment In:' Risk Ausessment and Management: Emergingsion of the naturally occurring pituitary hormone in COWs. Planning perspectives, Chap. 253. p. 71. LR.G. Martin and S. Laford.

Bovine sornatotropin can increase milk production in dairy Eds. University of Wateroo press. Waterloo. IA (1988).
cows from 10% to 30% and is rapidly broken down by human 9. Somers. E.: Risk Estimation for Envirounmental Chemnicals as a Basis for

digstie ezyms. t i uner nvetigtioal ri acossDecisi -Makting. Regul. Toxicol. PbmaaoL 4-99-106 (1986).digetiveenzyes. t isundainvstigtionl tral aross 10.Somers. E Makting Decisions; Prom Numbers. Regal. Tozicol. br
Canada. and in response to wide-spread public concern, milk macoI. 7:35-42 (1937)
from test animals in British Columbia, Alberta and Ontario 11. Somems L; MiDom"d G.L Regulawoy Control of Oienaicalv noe

is nt avilale fr hman ~ I Eurpeff~ ~ ~CaudiIU Equeience. In: Safety Evaluatio, and Repulation of Chemnd-
is nt avilale fr hman se.In EroMthe uro hasbowcats. F. Homberp, Ed. Karger. ElmL Switzerland (1963).

even more pronounced. In West Germany, environmentalists 12. do KnAig. HAY.: Setting Enviromnental Standards. World Health Or.
have "maimed the barricades" against the hormone-injectaed gaitton.Geneva(1917)

"turb-cow" Te reentNatinalInsttuts ofHeath Tch- 13. KnwskL D.: Somers. E4 Birkwood. P.L: Risk Perptio inaDecisiom-
"turoo-ow. 7e rcen Naioal nstarts f Halt Teh-Making Canau Environmental Carctonogenes Review. J. Environ

nology Assessment Conference(")~ concluded that the com- Set. Haft C0(2).'173--209 (19M7)
poition and nutritional value of milk from BST-treate cows 14 Smr E_ Inaprving Risk Communmication ham Government so the

is esenialy th sae a tht frm utretedcows SiilalyPubic IM: ProIec and Problem in Risk Coommnamucton, pp. 143-
is esenialy th sae a tht frm utretedcows Siflaty.152. W. Leim, Ed. University Of Waterloo Press. Waterloo. Ontaro.

meat and milk f~rom BST-treated cows are as safe as from CAM11093).
untreated cows. We one in agreement with this evaluation, yet 15. Hafti and Welfet Canada. Radon - You and Your Family. Supply

an Servioes, Otnaw (1989)
at present, the public perception of risk for this biotechnology 16. Hickan i.L: Health Risk Asasannmat Carleto University, Ottawa.
product has overwhelmed the scientific community. COMM&(1O I.

What then cui we learn from these cases? Atth simplest 17. Binder, 14 Cinmy. P.. Brasher, P., at al.: C~ompariso. of Healdh of
Occopm and Chercatrstics of Hous.. Amfong Control Hones tai-level, we learn that the scientific analysis of a hazard is only Imdwk m Fomldhd Foamp 13 Helt HadIIm Variakles

acceptable up to a certain point. When the level of concern Pollowing Remedial WorIk Envriro Res. 45:179-2M (19118).
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Civil and Criminal Liability for Violation
of Environmental Laws

Junius C. McElveen, Jr.
Patner, Jones, Day, Rmvis & Pope, Metropofitan Square, 1450 0 Street, N.W., Washington, DC 20005-2068

Over the past sv5Jea years, N ing public attention Cas iterpreting sone of dhe environmnenal statues
has boe focused on eviromental pollution at faclMies have held that the individuals who may be liable for penalties
owned or operated by the United States Government, with we those whw me "respnaible" for the activities that gave
particular emphasis on hazards that pollution may present to ris to tde v ioui. In fact, an occasional case has sought to
human health and lte environmentL I response to the con-
owns which are being raied, ftdeul officils and pria impos liability on n relatively low-level employee. How-
citizens have Investigated a variety of option 9t have ever, as ha s beentnoted, the ushalapproac h when employees
avalable to ensure environmenta laws are being enorced are singled out is to target the high-ranking officer in the
and to compensate those inue by the pollution. More and orniio
more, thosetiorshave included Migation. Criminalprosecu- A recent state and regional summary by the U.S. En-
tid" have been instituted against government employees, viromuental Protection Agency (EPA) of civil and criminal
and civil suits have bee filed against the govemment, against erforement activity is set out in Tables I and IL Continued
fthe who contributed to Otn perceived probem and against negative publidty mgarding violations ofenvironmenal laws
those who are endeavonng to dean up On sites. Qusion will most likely result in increased enforcement activity.
ham been raised about whether, and to what metant, the Although recent legislation has severely restricted th cir-
government should indemnify Its ntract= o or contractors civil-
should Wienmnify the government. Pingli sltv initit l y uianbae under which federal employees can be heldsch
Uve may address some of these problem but potential civi ly liable for violation of evimntal laws, ther no such
and criminal liability will probably be the order of the day fo protection against criminal liability, and the possibility of
the foreseeable future. criminal prosecution is still a very rea threaL

bit uctIon Te SMutuOry Frumework

Most envaronmental laws, state and federal, contain TheResourcConservtionadReoveryAc(RCRA)A
provisions that impose civil and criminal liability on "per- is the major federal statutory authority for the regulation of
%ons" who violate those laws. The teni "person" is defined waste. There am essentially three programs under RCRA that
in these stmtes to include individuals. There am a numnber of impose obligations on the generation, treatanent, storage, and
recent cases in which state or federal officials have sought to disposal of waste materials: Subtitle C, which deals with
impose liability on individuals for environmental law viola- hazardous waste (as defined); Subtitle D, which deals with
dions, even though, at the time of the violations, the in- nonhazadou solid waste; and Subtitle L which imposes
dividuals were employees of corporations of other entities. certain requirmienut on underground storage tanks.
Then efforts to impose civil or criminal penalties have oc- Forenforcement purposes, it should be noted that RCRA
cured, primarily, in two situations: 1) when the circurmata- is aprogramn which Congress has permitted to be enforced by
ims of the cas ae particularly regious (e.g., extemely the stateu , if certain statutmory requirements are met. As of July
hazardous toxins, toxic waste dump sites, or sustained non- 1990,46 slates and several territories were administering all
compliance) and the defendam = high-ranking cocpatm or a part of the RCRA progran within their jurisdictions.
officials of closely held corporations who have retained Therefore, enforcement of RCRA violations will usually
hlands-on managermen of environmental issues or 2) where come from the states. However. in certain cases, EPA may
die enfocement authority want to get the attention of the
1olugt and make a statement, political or otherwiae (e.gP, AIo pofd of =eW of dw rgeen sct.
Ihe criminal prosecution of three civilian government s w-eiuU carw of d N. -m' of
employees at the Aberdeen Proving Grounds in Maryland, to AnMxw ,am. swe An,,a Gawu GW* w EnvramW L"
make the poin that the govenunen is not exempt from IMn so bm my vwy -- atei be commuaed for pwuacw
,mvironmental laws). -
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TABLE L PImi Yew 19N0 Smb~by-Sbml Enirdoement Dab Summey

EPA 8t Told
Most Pmecufld Volldm

CWA 1342 1230 2M78
CAA 221 lo1 10B
RCRA 362 1380 1712
SMWA 111 1085 116l

140 1004 1183
EPA Adinirae Acon

UICJPWSA

CAA CWA RCRA SOWA
RPAion I 75 120 134 23/20
Region RA 30 328 264 1M/31w
Region INI 307 83 203 Me2
Regon W 327 an 271 am
Region V 16S0 271 1o 84/104
Regon V1 175 764 246 52/63
Region VII $1 64 136 33/122
Region ViII 62 43 103 54/66
R gion IX 274 106 77 151116
Regon X 39 124 70 395
A.mnialieft. of undergmoundi cak ia (U pubk WOr supply M(/MS)
CWA a CGlea Water At CMAA CIMn Air At; RCRA a Resource ConMva*M
and s every AM SDWA- SfDe Dnkf War Mt

have prmary enforcement aushority. Finally, to complicate containers; they designa the use of a Uniform Hazad-m
mats fuwher. there ar cetain conditions unda which EPA Waste Maniftes System to ense th hazardous waste is
wilg take an enforcement action, even when a state has listed on a proper invoice for transportation and is designated
primary responsibility for the RCRA program, such a when to arrve at a petrnited Treatment, Storage and Disposal
EPA feels the state is not acting expeditiously, the proposed (TSD) facility.
resolution of the matte is inappropriate, or when a case my Regulations promulgated puruant to §3003 of RCRA,
establish precedent. 42 U.S.C. §6923. govern hzardous waste transportem. hese

regulations mandate 1) prow recordkeeping for transportd
Hazardous Waste8  waste; 2) transportation of hazardous waste only if properly

labeled; 3) compliance with the manifest system; and 4)
Overview. Pursuant to §3002 of RCRA, 42 U.S.C

16922, EPA has established requirements for generators of
mzadous wastes. ThMe requirements set outthe recordkeep- %,l u ei=eM Umd by m, EPA. or tMy have cwl,

ing obligations of generator they mandate the use of ap- ciwu a s1ado suwt flmcilmimy, mawdvity. coamivity. or duy fed to
propriate waste containers and the labeling for dtse pma poular EPAdevelped Wu. frt MY.

TABLE L CMi end CmkinuI Refsmis
Toal EPA"SWe Clvil R nds Total EPA Crun*Wal Refemras

CAA CWA SDWA RCRA CAA CWA SDWA RCRA

Asgionl W7 a aO2 2/05 1 3 2 2
Reglonl a/1 3/18 012 000 1 2 1 0
PRgian 1I 3/26 W/21 anl 0/8 2 4 1 2
Regi NV 4/16 9/56 &/47 2/4 3 6 0 5

egion V 2W/74 11i04 6/21 O/10 0 2 0 2
RgOn Vi 10/5 17/0 1/64 3/2 0 2 1 6
Re0oVIl 3/13 1I/7 0/8 a/20 0 0 0 0

hgion VIII I/1S 3/19 4M 305 0 0 0 5
RegOM IX 1245 2/2 0/8 1/1 0 1 0 0
RgiOM X a 1/0 0/3 1/1 2 3 0 0
CWA a Clean WaWt At CAA a Cleanir Act RCRA a Ruioua Comrvalon and Reowry
Mt SOWA. SS inidin WWAer CA
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tanmpoaion only to permitted TSD facilities, partnership, association, state, municipality, connis-
Regulations under 13004 of RCRA, 42 U.S.C. 16924, sion, political subdivision of a state, or any interstate

govern owners and operators of TSD facilities. The standards body."
establied here include thse for poper recordkeeping for
the wastes being handled, compliance with the maifest Thefe are also so-called "knowing endangerment"
system treatment, storage, anddisposal using EPA-approved crimes under 13008(e) of RCRA. If a person commits a
methods; contingency plans for unanticipated damages violation of RCRA. knowing that such violation places
resulting from the waste; proper maintenance of facility another person in imminent danger of death or serious bodily
operations; and the providing of persontel training. harm, that person may be fined $250,000 (S 1,000,000 for an

Each TSD facility must have a permit. The permit will organization), and imprisoned for up to 15 years.
contain, among a number of other enforceable requirements,
facility-specific technical standards and provisions which Nonhazardous Wastes
require corrective action (Le., cleanup) measures, to address Ov Despite the fact that the vast majority of
leaks from waste management units. Although some facilities Oeerated in the Unit tat the as mahavefird RCA pnn/s, mst aciitie stll perae uder waste generated in the United States is classified as nonhazar-
"have final RCRA permits, most facilities still e uderA dous waste (even though it may contain some hazardous
"interim status" permits, which were authorized under RCRA wseSbilDofRCRA is primarily an advisory, rather
under certain circumstances, until final permitting could waste), Subtitle D ofr Rbl Essprimaly, acng tits therm
occurthan a ndatory, subtitle. Esstially, according to its terms,

The 1984 Amendments to RCRA added several featuresm Subtitle D was enacted to encourage and assist states in

that have been the subject of increased regulation over the last developing comprehensive plans for handling nonhazardous

several years. These have included: 1) the banning of land solid waste, using methods that are environmentally souxn
lof certain toxic materials, unless specifically a and that maximize the use of materials recoverable fromproved by EPA; 2) the enhanamlt of EPA and state ability waste. Thus, under Subtitle D, states are not required to obtain

to enforce corrective action measures at RCRA facilities; and EPA approval for their nonhazardous solid waste manage-
3) the oruction in the amount of waste that can be generated, ment progrm and EPA does not implef int such programs
without the ired stion i n th e ram n reqoiwemtha cb the states. About half the states do have EPA approved

Enforcement Section 3008 of RCRA, 42 U.S.C 16928, plans, which meet the minimum requirements of §4003 ofprovides RCemA's enS t authority for Subtitle C. Al- RCRA, 42 U.S.C. §6943. Those requirements include the

though state enforcement processes and penalties need not be prohibition of new open dumps within the state and mandate

identical to RCRA many of them are very similar, that all solid waste in the state be used for resource recovery,
or be disposed of in a sanitary landfill, or in an otherwiseUnder §3008, EPA may issue an administrative order environmentally sound manner. Two areas in which EPA has

assessing civil penalties, or requiring compliance, or both. recently m ovnd tandars in order fs A hav
Civi acionsmy lsobe istiute in our, b theJusice recently moved to tighten standards, in order for states to have

Civil actions may also be instituted in court, by o f their programs qualify for EPA approval, are landfills and
Department Civil pealmties of up to $25,000 per day of waste incineration. Stricter criteria have been proposed for
violation of the Act or administrative order are authorized. ah

Failure of a facility to comply with corrective action orders ech.
Enforcement. All states have some type of nonhazar-

can also result in a $25,000 fine for each day of noncom- Eowe ement poa have a varietyro

pliance. dous waste manement program and may have a variety of

On the criminal side, the maximum sentence for know- civil and criminal penalties available to them under those
nonhazardous waste statutes. Determination of individual

ingly transporting or causing transport of a hazardous sub- nhazarty us o aste-states.
stance to an unpermitted facility, or for knowingly eating, liability is on a state-by-state basis.

storing, or disposing of hazardous waste without a permit, in Thm is one penalty provision in RCRA which my be
violation of a permit condition, or in violation of interim applied, by the federal government, in cases involving solid
stan regulations, is 5 years' imprisonment and a S.,000 waste (as well as in cases involving hazardous waste). That
fine for each day of violation. For those who fail to file, or prvision is 17003, U.S.C. §6973. Section 7003 provides that
falsify required reports, manifests, applications or records the EPA may sue any person who is contributing or has
who transport without a manifest or who improperly export contributed to the handling, storage, treatment, masporta-
a hazardous waste the maximum prison sentence is 2 years tion, or disposal of solid or hazardous waste which has or may

Both civil and criminal penalties can be imposed againt present an imminent and substantial endangerment to health
any "person." That term is defined in §1004 of RCRA, 42 or the environment. The Administrator may seek appropriate
U.S.C. #M903, as: relief in such a suit. The Administrator may also issue such

orders as may be necessary to protect public health and the
"... an individual, trust, firm, joint stock company, environment. A fine of $5,000 per day of violation of such an

corpoi tion (including a government corporation), order is authorized.
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indlVg nd Srage Tanks Section 404 of CWA, 33 U.S.C. 11344(a), requires a

Overview. Subtitle I of RCRA governs all pepoeemn pmit for the discharge of dredge and fill materials into
products stored i• i underground storage aumks (USTs) nof navigable waters. The U.S. Army Corps of Fngiers ad-
any substance defined as hazardous under CERCLA. A UST minists this program.

is defined a one with at least 10% of its volume buried below Secion 311 of CVA, 33 U.S.C. 11321, prhibit the

the ground. The major provisions of the UST program am 1) discharge into navigable waters of oil or hazadous substan-
a ban on die installation of corrodible umb (effective May 7. ces that may be harmful. In addition, a person in charg of a
1985), 2) the initiation of a taek notification program, and 3) facility or a vessel from which oil or a hazardous substance

development of technical standards for all tanks. is released in excess of the "reportable quantity," as defined,

Reports ar to be made to a designated state or local is required to report that release to the National Response

agency on the age, size, type, location, and uses of tanks. Cena r innediately.

Those who must report ae distibutm of regulated substan- Enfocement
ces, owner. of operational tanks, and owners of tanks taken
out of service later than 1974, but still in the pound. Federal Thirty-nine stau have the authority to issue and enforce
and state personnel an authorized to request pertinent infor- NPDES permits, and in those states, state enforcement is the
mation from tank owners; inspect and sample tanks; and rule and EPA enforcement the exception. The EPA does have
monitor and test tanks, surrounding soils, air, surface water, die authority, however, to review a state enforcement action
and groundwater. to determine if it is adequate. In those cases, EPA may decide

Enfeorcenmen. Civil penalties of up to $10,000 per day to "overfile" on the state case.
of violation, per tank, are authorized. There are no criminal Most efforts to enforce CWA have been in the form of
penalties authorized for failure to notify, for false informa- administrative action and with the use of civil penalties.
tion, or for improper release detection, prevention, or conec- Section 309 of the statute, 33 U.S.C. §1319. provides that
tion. The EPA may issue compliance order. for any violations EPA may issue a compliance order or file a civil suit for any
and the penalty for violation of these is $25,000 per day of violations of water quality-related effluent limitations, na-
continued noncompliance. States can obtain approval for tional performance standards, toxic effluent standards, or
enforcement. and as in Subtitle C, the enforcement provisions pretreatment standards, or for violations of any permit condi-
do nat have to be identical to the federal provisions. dion or limitation. either under an NPDES permit or a dr•dge-

and-fill permit. Orders may be issued or suits filed for any
The Clean Water Act violation of recordkeeping, monitoring, sampling, or report-

ing requirements.
Over'view Administrative penalties can amount to $10,000 per

Section 301(a) of the Clean WaterAct (CWA). 33 U.S.C. violation, up to a maximum total of $125,000 for some types
§1311(a). prohibits the discharge of pollutants from a point of violations. The judicial penalty can amount to $25,000 per
source, as defined, into the navigable waters of the United day.
States, unless the discharger holds a National Pollutait Dis- Criminal penalties are established for three types of
charge Elimination System (NPDES) permit, pursuant to conduct: negligent violations. knowing violations, and know-
Section 402 of the Act, 33 U.S.C. 51342. These permits ing endangerment.
establish the "effluent limits" for each pollutant dischrged Any person who negligently violates effluent limitations.
from a facility. The term "pollutant" is broadly defined in the standards, permit conditions, (NPDES or dredge-and-fill), or
statule, and the terms "point source" and "navigable waler." who discharges oil orhazardous substances into the navigable
have been ver broadly defined by the courts. Section 308 of water. is liable for a fine of not less than $2,500 nor more than
CWA, 33 U.S.C. 51318, also requires that the NPDES permit $25,000 per day ofviolation, or by imprisonment for not more
specify the frequency and type of monitoring an operation than I year, or both. Knowing violations may result in up to
maut perform to determine its water quality, and it mndat 3 years in prison mad fines of $5,000 to $50,000. Second
that the Discharge Monitoring Reports (DMRs) generated by offences for both negligent and knowing violations receive
that monitoring be filed with the appropriate state agency. double the penalties.

Section 307(b) of CWA, 33 U.S.C. 11317(b), requires Any person who knowingly makes any false statement,
the pretreatnent of industrial wastewater that may damage, representation, or certification in any application, record.
interfem with, or pma through publicly owned sewage tret- repot plan, or other document or knowingly renders mac-
ment works, or which may contaminate sludge. curme any monitoring device or met1od required to be main-

mined is liable for a fine of not morm than $10,000, or by
imrisonment for not more than 6 montm or by both.

C4 U.•.c. 14 -99•1(). Anyone who fails to notify the National Response Center
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of a spill of oil or a hazardous substance is subject to a fine nung to conastuct new sources or substantially modify existing
of up to $10,000 and a prison tem of up to I year. sources in those areas must obtain a permit that contains

If a person, in violating the Act, knowingly places emission limitation boed on the use of "Best Available
another in imminent danger of death or serious bodily harm, Control Technology" for that source.
that person could receive a the maximum penalty of a 15-year Under Section 112 of the CAA, 42 U.S.C. §7412, EPA
prison sentence and a $250.,000 fine ($1,030,000, if the party is obliged to establish emission standards for certain hazard-
is an organization), ow air pollutants. Prior to the 1990 Amendments, EPA had

Any person who is the owner, operator, or person in only listed eight substances as hazardous air pollutants -

charge of a vessel, onshore facility, or offshore facility from asbestos, benzene, beryllium, coke lv-m emissions, inorganic

which oil or a hazardous substance is discharged in violation aroenic, mercury, radionuclides, and vinyl chloride - and

of the Act is liable for civil penalties ofup to $3,000 per barrel had set emissions standards for only six. Under the 1990

of oil or unit of reportable quantity of hazardous substance. Amendments, however, EPA has been directed to set in-

For purposes of civil penalties, a person is defined in dustry-by-industry standards for 189 toxic air pollutants

Section 502 of the Act, 33 U.S.C. §1362, to include: ".. . An based on "maximum achievable control technology"

individual orgnization, psitnership, association, state, (MACI), a technology level that permits economic con-

municipality, commission, or political subdivision of a stat, sidmtations to be taken into account, unlike the pa det

or any interstate body." For criminal purposes, the term 5112.

"person" also includes "any responsible corporate officer" [33 The 1990 Amendments also require that various sources

U.S.C. §1319(cX6)]. of air pollution obtain permits to ensure compliance with
CAA requirements. These permits will be modeled on the

The Clean Air Act CWA permits, and the program is designed to be operated by
the states, as is the CWA permit program.

Oerview Enforcement

The Clean Air Act (CAA), amended substantially in Civil CAA provides that in the case of any person who
1990, regulates emissions to the atmosphere from both sta- is the owvi,- or operator of an affected source, a major
tionary and mobile sources. Under Section 109 of the CAA, emiuting facility (as defined) or a major stationary source (as
42 U.S.C. 57409, the EPA is to establish the highest level of defined). EPA may issue an administrative order or seek, in
various air pollutants in the ambie ai that will not ham ajudicial proceedingP aycivil penalty of up to $25,000 per day
human health and set air quality standards at or below that judicia procee aocioinl2of violation, for the following:
leveL These standards ae known as Primary National Am-
bient Air Quality Standards (Primary NAAQSs). There re 1. A violation of any requirement or prohibition of an ap-
also Secondary NAAQSs, which ae levels that must be plicable implementation plan or a permit.
maintained to protect public welfare from known or an- 2. A violation of other requirement or prohibition set out in
ticipated adverse effects (e.g., damage to animals, crops, and Subchapter L dealing with air quality and emissions
personal property). NAAQSs canently exist for carbon limitations (including, among other things, new source
monoxide, sulfur dioxide, ozone, particulate matter, lead, and performance standards, recordkeeping, inspections, momn-
oxides of niu'oge- toring, and entry; stack heights, public notification, and

The states ae to establish proce-ures by which the solid waste combustion); prevention of significant
NAAQSs am to be met. They do this by ubmnission (and deterioration of air quality, visibility protection; and re-
approval by EPA) of State Implementation Plans (SIs), quirements for all nonaaimnment areas; Section 7603 of
which outline how each air quality control region in the state Subchapter 13L dealing with willful violation or failure or
will maintain compliance with the NAAQSs. These SIPs refusal to comply with emergency orders Subchapter IV,
contain emissions limitations by source, schedules. and dealing with noise pollution and acid rain; Subchapter V
timetables for compliance, a permit proUram and s dealing with parmits, or Subchapter VL dealing with
regarding enforement of the program. Uf EPA disapproves ozone poton.
of the plan, it must prepare a federal implernon plan 3. Atempting to construct or modify a major stationary
(FIP) for the .t.e sourc in an amin which the Administro determi

Section 111 of the CAA, 42 U.S.C. J7411, requires EPA that ther is a prhbition against such activity.

to establish standards for performance for new stationary

sources. In areas that have attained the NAAQSs ("attainnent CriminaL CAA provides that any person who knowing-
areas"), there am so-called "prevention of significa ly violates any of the above requiements is subject to a fine,
deterioration" (PSD) provisions, which contain requirements or by imprisonment not to exceed 5 years, or both. If the
concerning the protection of air in those areas. Persons plan- person has been previously convicted, the maximum fine and
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period of imprisonment may be doubled. from die employer."
Any person who knowingly 1) makes false material

statemenm 2) fails to report or 3) falsifies or tampers with The Comprehensive Environmna Response,
any monitoring device is subject to a fine, or imprisonment Compensation and Liabilty Act
not to exceed 2 years, or both. f the person has been pre-
viously convicted, the maximum fine and term of imprison- Oerview
meat may be doubled. he Comprehensive Environmental Response, Coipen-

Any person who negligently releases a listed hazardous atih and Liability Act (CERCLA), orthe Superfund Act, is
substance into the air and places another person in imminent Congress' attempt to deal with the nation's abandoned and
dangr of death or serious bodily injury is subject to a fine, or inactive waste sitesl in the Act, as originally passed in 1980,
imprisonment not to exceed 1 yea, or both. If tep imum Congress directed that the EPA establish a list of the 400
finend previouslyonvcted fray bd led cworst abandoned waste sites and to add additional sites to thatfine and punishment may be doubled. list, as information about their hazards became available. At

Any person who knowingly releases a isted hazardous present time, about 1200 of the approximately 30,000
substance into the air and places ar.Awer person in imminent identified abandoned waste sites have been plae on this
danger of death or serious bodily injury shall, upon convic- so-called National Priorities List (NPL).
tion, be punished by a fine and imprisonment of not more than In-Calle Congl establist ae lyi.
15 years, or both. An organization shall be subject to a fine In CERCLfu Congress established a federally financed
no: to exceed S 1,000,000 per violation. If the person has been cle.nup fund and authorized use of that fund (the so-called
previously convicted under this section, the maximum fine Superfund) to pay the cleanup costs of`NPL sites, if necessary.

and punishment may be doubled. However, the law is clear that, whether a site is on the NPL
or not, whenever possible, the parties liable for the con-

Definition of Vperator" and "Person" tamination are to perform the cleanup themselves or, in the
in th Clean Air Ac alternative, pay the bill.D

Forprpoes ofcivil and criminal liability under the 1990 Section 107 of CERCLA, 42 U.S.C § 9607, provides that
C nrpp AcitiAme ndments Congress s out.insomedetal when a release or threatened release of hazardous substancesClean Air Act Amnmns Congress set out, in some detail. (as defined) occurs, resulting in the incurrnmce of cleanup

exactly who it meant to cover, as an operator. Also, for css tefsae or feralging on whic
pupoe of negligent role&=e of listed hazardous substances costs. the state or federal government (depending on which

ud place others in ig minetl danger of death or serious has been designated the "lead" agency) can seek reimburse-
bodily injury s the tirm "persoi " is defined. Because Congres meat from a variety of potentially responsible parties (PRPs).
was so specific at d becaum e this my be the precursor Of They include: 1) the owner or operator of the vessel or facility
thins to some ahe provision, 42 U.S.i §7413(h)e is se out from which the release occurred or may occur, 2) any person
below, in saome detail: who, at the time of disposal of any hazardous subsane

owned or operated the facility at which the hazardous sub-
"(h) Operator. For purposes of the provisions of this stance was disposed; 3) any person who arranged for disposal
section and section 120. the term 'operator,' as used in or teatment of a hazardous substance at the facility; and 4)
such provision, shall include any person who is senior any person -who accepted the hazardous substances for
management personnel or a corporate officer. Except tansport to the disposal or treatment facility. Section 106 of
in the case of knowing and willful violations, such teri CERCLA, 42 U.S.C. 19606, also provides for the federal
shall not include any person who is a stationary en- government to seek injunctive relief, or to force cleanup by
gineer or technician responsible for the operation, the partie themselves. This enforced cleanup may be ac-
maintenance, repair, or monitoring of equipment and complished in one of two ways: 1) by an administrative order
facilities and who often has supervisory and training to compel dhe PRPs to perform die cleanup themselves or 2)
duties but who is not senior management personnel or by a suit in federal cour to compel cleanup. CERCLA also,
a corporate officer. Except in the cue of knowing and in Section 107(aXc), 42 U.S.C. 19707(aXc), establishes the
willful violations, for purposes of subsection (cX4) of right of natural resources trstees to sue PRPs for damages to
this section, the tm 'a person' shall not include an natural resources.
employee who is carrying out his normal activities and CERCLA also provides that it is illegal not to report the
who is not a pan of senior management personnel or a disposal of a bazandous substance in excess of the "reportable
corpor.: officor. Except in the cae of knowing and quantity" e Wabhhed for that substne.
willful violations, for purposes of pragraphs (1). (2).
(3), amd (5) of subsection (c) of this section the term 'a
person' shall not include an employee who is carryi*ng 'A -- at Of Ai v, "0 11M d bwin w ca am
out his normal activities and who is acting under orws , ym, ,i,,I.
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Enforcement Emergency Planning

As has been noted, with respect to civil liability, Under Section 301 of EPCRA. 33 U.S.C. §11001, the
CERCLA, in § 107, 42 U.S.C. §9607, provides for the pay- Governor of each state was to appoint a State Emergency
ment of response costs (including removal and remediation) Response Commission (SERC) which, in turn, was to appoint
by the parties responsible for the contamination, and for Local Emergency Planning Committees (LEPCs). The major
damages for injury to, destruction of, or loss of natural duty of each LEPC was to develop an emergency response
resources, so long as those costs are consistent with the plan for its planning district That plan was to identify each
National Contingency Plan. With respect to the reporting facility within the district subject to the requirements of
requirements, CERCLA provides that any person in charge Subtitle I of the Act; identify transportation routes for ex-
of a vessel or facility at which a release, in excess of the tremely hazardous substances (as defined); describe emer-
reportable quantity, occurs, and who knows of that release, is gency response procedures; designate a community coordi-
required to report the release immediately to the National nator and facility coordinators, to make decisions necessary
Response Center. Anyone who does not do that is subject to to implement the plan; and describe methods for determining
an administrative or a judicial penalty of up to $25,000 per the occurrence of a release and the probable affected areas
day of violation; second and subsequent violations subjects and outline evacuation plans. The SERC was to review those
the violator to a penalty of up to $75,000 per day. Destruction local plans and establish procedures for receiving and
of required records, violations of financial responsibility re- processing public requests for information.
quirements, and violation of administrative orders, consent In Section 302 of EPCRA. 33 U.S.C. §1 1002, Congress
decrees, and settlement agreements are subject to the same directed the Administrator of the EPA to publish a list of
penalties. "extremely hazardous substances" (EHSs) and establish a

Interference with any effort by the government to gain threshold planning quantity for each substance. EPA has
access to property or gather information about the property currently designated about 366 EHSs. As a rule, a facility that
may result in a penalty of $25,000 per day of noncompliance. produces, uses, or stores any of these substances in quantities
Interference with or refusal to comply with removal or greater than the threshold planning quantity must notify the
remedial actions can result in the imposition of damages of SERC or LEC within 60 days that it is subject to the require-
up to three times the costs incurred by the Superfund. meets of the Act.

On the criminal side, CERCLA provides that any person
in charge of a vessel or facility at which a release, in excess Emergency Release Notification

of the reportable quantity, occurs faces a fine assessed in When a release of an EHS occurs, in excess of the
accordance with Title 18 of the U.S. Code and/or up to 3 years reportable quantity designated for that substance, the SERC
in prison (5 years for a second offense) for failure to report or LEPC must be notified.
the release immediatelV. Destruction of required records car-
ries the same penalty.- Community Right-to-Know Requirements

Section 311 of EPCRA 33 U.S.C. §11021, provides that
The Emergoncy Planning and Community facilities (Standard Industrial Classification [SIC] Codes 1-
Right-To-Know At 89) which have hazardous chemicals presert at the facility

The Emergency Planning and Community Right-to- must obtain or develop a Material Safety Data Sheet (MSDS)
Know Act (EPCRA), or Title III of the Superfund Amend- for each such chemical. Those MSDSs, or a list of chemicals
momts and Reauthorization Act (SARA) of 1986. 1) creates for which M3DSs are required, must be submitted to SERCs
state and local mechanisms for the dissemination of informa- and LEPCs, if the facility has more than a threshold quantity
tion about hazardous chemicals in workplaces and 2) man- (established by EPA).
dates planning for what to do in the event such chemicals are Section 312 of EPCRA. 33 U.S.C. §11022, requires the
released into the environment, submission of chemical inventory forms to SERCs, LEPQ,

Therm are four easenial requirements of EPCRk as and local fire departments, if the facility, at any time during
follows: 1) emergency planninr, 2) emergency release the preceding calendar year, had more than a defined
notification; 3) community right-tu-know reporting require- threshold quantity of substances for which they were required
mentr and 4) toxic chemical release reporting (emissions to maintain MSDS.
inventory). The reporting requirements under §312 are two-tienrd

Tier I infonmation is submitted annually on the quantities and

SW= so to atageneral location of various categories of chemicals. Tier U

sosom w= d. , er d/od wl llidqyortWp@W reporting, which may be required by a state or by local
of Cd CLA, wo puidw*b by a rm, ofu w $100.0 or a 1i.yw jed cilizens, is more specific. It requires individual chemical
-.- m- nmnes, manner of storage, and location of the chemical in the
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facility. Many cour that have imposed liability (partcularly
cleanup costs) upon individuals underthe enviromnmental laws

TOxW Chemital Release Reporing have done so primarily on the grounds that the liable official

Section 313 of EPCRA. 33 U.S.C. 511023, requires that actually had personal involvement in the commission of the

EPA establish an inventory of toxic chemicals requiring the violation. This approach represents the simple application of

reporting of routine releases, a opposed t ithe long-settled doctrine that tort liability extends to in-

releases. There are about 329 chemicals on that list. Ths dividuals in an organization who actualI; participated in

report is required annually and is imposed only on facilities wrongful conduct that resulted in damages.

in SIC Codes 20-39 (manufacturing) with ten or more full- Some courts have demonstrated a willingness to impose

time employees and who manufactur proce i, impororuse liability, under these environmental laws, on "responsible

any of the chemicals in amounts greater than the threshold corporate officials" who, while not directly participating in

qumtity established by EPA. waste transportation, storae, trunemnt, or disposal, had
overall responsibility for the facility at which the activities

Enforcement occurred. In some cases, courts have imposed liability upon
individuals who were in charge of waste handling, storage, or

Section 325 of EPCRA. 33 U.S.C. 511045, provides for disposa practices. However, even in those cases, a showing
administrative proceedings and civil and criminal actions. of frequent involvement and personal control has been re-
State and local governments are authorized to bring actions quired.
against an owner or operator of a facility for 1) failure to One of the first cases that imposed civil liability on
notify under 5302, 2) failure to provide information under individuals, under the specific terms of an environmental law,
1303, 3) failure to submit MSDS information as required by was United States v. Northeastern Pharmaceutical and
5311, and 4) failure to submit Tier I information required Chemical Co., 579 F. Supp. 823 (ND. Mo. 1984). aff'd in
under 5312. part, rev'd in part, 810 F.2d 726 (8th Cir. 1986), cert. denied

There is a citizen suit provision as well, and that povi- 484 U.S. 848 (1987). In that case, two corporate executives
sion permits any person (including states and localities) to file were held liable under both RCRA and CERCLA.
suit against an owner or operator of a facility for failure to The RCRA count was brought under Section 7003,
submit 1) follow-up reports, under §304; 2) MSDS submis- which imposes liability on "any person... who has con-
sions under 1311; 3) Tier I information required under §312; tributed or who is contributing to... handling. storage,
and 4) toxic chemical release forms required under 5313. treatment, transportation or disposal" of hazardous waste that

lndhvtdua/ Labil"y may pose an imminent and substantial endangerment to
health or the environment. Under the circumstances of that

A number of courts have imposed liability, both civil and case, two corporate officers were held personally liable be-
criminal, on individuals for violations of environmental laws. cause one actually arranged the waste transportation and
Almost all courts have emphasized that these cases are fact- disposal and the other had ultimate authority for Northeastern
and statute-specific. However, in the recent past a number of Pharmaceutical's operations and any decisions regarding that
courts have not really engaged in the thorough type of disposal. Both were deemed to have "contributed to" the
analysis which, in our view, is necessary in order to reach the waste disposal that created the "imminent and substantial
conclusion that individual liability is warranted. endangerment" 810 F.2d at 745.

The court also found one of thos corporate officers
CIvI Liability liable for cleanup corts under 5 107(aX3) of CERCLA. That

Most of the high visibility cases that have posed pvisi provides for strict liability, for specified costs of

personal civil liability have involved efforts to certain relases at sites covered by the Superfund Act That

cleanup costs, for fairly egregious environmental contamins- liability extends to "any person who, by contract, agreement

tion, from individuals who ran closely held corporations or otherwise, arranged for disposal or treament of hazardous

which are now insolvent. substances owned or possessed by such person...." As was

Courts have been willing to impose this liability based the case with the language of 57003 of RCRA, the court read

primarily on two factom:

1. The very broad statutory language of such statutes as C'MUUh lem laidm mocMma deW vem c be mod,& fa civdtlmabiiy pomwm, by da m e ofU Im.etim doi oep~ " lam•,
RCMA and CERCLA, which provide tha individualms y ay H t w. pam eV mmeufuy im o"pm r.

be liable for a wide variety of violaions. "r bprum =am , -on "a me. hubg W

2. The very strong policy, in those statute that those who obSum Mpa M=lWm e .TOsmdmsmo fmt m= m

created the pollution should pay to clean it up. dm y b 6 am - in w num W i m bft •
anim - did wt dn ao tw Wet.
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this language (and congressional intuet to make those who Urnied States v. Carolina Transformer Co, 20 ELR 20935
created the pollution pay for its cleanup) broadly, to hold the (E.D.N.C. 1989).
official liable. It held that liability was not derivative, by Similarly. another court, noted that "[ijmposing liability
virtue of the official's position in the corporation, but simply on a corporate official is a serious matter, and because
because he had personally "arranged for" the transportation CERCLA provides no explicit way to distinguish, among
and dispsal of the hazardous materials corporate actors,H the cowls should respond with proper

Yet aother theory of liability which has been invoked standards." The court then went on to indicate that it would
to establish personal liability is that the individual was an look at evidence of an individual's ability to control, among
"operator." in statutes which have held that liability extended other things, waste handling procedures; the individual's
to "owners and operators."0 One of the first cumes to impose position in the company and percentage of stock owned;
liability on this theoy is New York v. Shore Realty Corp., 759 evidence of responsibility for waste disposal practices, in-
F.2d 1032 (2d Or. 1985). a CERCLA case. In that case, the cluding actions and inaction; and efforts to prevent unlawful
court held that the individual was "in charge of the operation hazardous waste disposal. Thus, here, the focus is "whether
of the facility in question, and as such is an 'operator' within the corporate official could have prevented (or significantly
the meaning of CERCLA." 759 F.2d at 1052. abated) the hazardous waste discharge at issue." Kelley v.

In making these sweeping statements, the court was ARCO Induswries Corp., 723 F. Supp. 1214 (W.D. Mich.
backed by many facts demonstrating that particular individ- 1989). Although some of the cases demonstrate the court's
ual's culpability. That individual had incorporated Shore willingness to pursue a "responsible corporate official," the
Realty solely for the purpose of purchasing the property on rule, even in those cases, clearly requires that frequent, hands-
which the hazardous waste was stored. He made, directed, on contact is necessary.
and controlled all corporate decisions. Before purchasing the In addition, some tribunals have been hostile to the
site, he was personally aware that the hazardous waste was "responsible corporate official" concept. For example, in
being stored - illegally - at the site, and that Shore's Riverside Market Development Corp. v. InternationalBuild-
environmental consultant had reported on the "sorry state" of ing Products, Inc., 931 F.2d 327 (5th Cir. 1991), the court
the facility. Furthermore, after becoming aware of the en- sad only that "CERCLA prevents individuals from hiding
vironmental problems, Shore sought a waiver ofenvironmer- behind the corporate shield when. as "operators," they them-
tal liability from the state, which was denied. Finally, the selves actually participate in the wrongful conduct prohibited
court found, "Shore did nothing about the hundreds of by the Act." In this case. the court held that the plaintiffs (in
thousands of gallons of hazardous waste standing in the a private cost-recovery action) had not come forward with
deteriorating tanks. In addition, although a grVowing number any evidence that showed the board chainnan and 85% stock-
of drums were leaking hazardous bstas, Shore essen - holder "personally participated in any conduct which violated
ly ignored the problem. . .. " Thus, the court had "easy" facts CERCLA." He spent very little time at the plant operations,
on which to base its finding of personal liability. except to attend meetings and review financial statements;

In another CERCLA decision. a court concluded that and there was no evidence he had the opportunity to direct or
prior case law established that "(ejmployees of a corporation personally participate in the improper disposal of (the hazard-
can be held personally liable under CERCLA for activities ous waste).
over which they had control and supervision." (Citing North- The concept of liability for an "owner or operator" of a
eastern puarmaed utical and Shore Realty.) bee courtdeled facility is one that is also present in RCRA. A recent decision
summarized the factors that it believed had been considered imposing individual operator liability for violation of RCRA
in determining whether liability should be imposed on i requirements is United States v. Conservation Chemical
dividuals, as operators. Those factors included. Company ofI//., 733 F. Supp. 1215 (N.D. Ind. 1989). In that

I. Whether the person had the capacity to discover, in a caae, the court held that fourelements must be proved in order

timely fashion. the release orthreatof releaseof hazardous for liability to attach under §3008(a) of RCRA, 42 U.S.C.

substance. 6928(a):

2. Whether the person had the power to direct the 1. The defendant is a "person," as that term is defined in
mechanisms causing the release. 11004(15) of RCRA.

3. Whether the person or corporation had the capacity to 2. The defendant is an "operator" of the facility.
prevent and abate damages.

mNId.ft =m cutt. - havm O dfa. &CMd *hai CQIRA d4= rt

Olf a is 6@ -ow. o a facft, nch oawwri wuu lcdly addum whmdt a coa may hold a capa offal liale for
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3. The facility is a hazardous waste treatment, storage, or simply a facade to shield an individual business operation.
disposal facility subject to RCRA. The judicial officer also held that there was no indication

4. The defendant failed to comply with RCRA requirements that the individual in this case was the "operator" of the
applicable to operators of the facility, facility in question. The regulations stated that the definition

of "operator" was the "person responsible for die overall
The court indicated that the individual defendant was clearly operation of the facility." The individual in this case did play
a "person" as defined in the statute, and it also held that the a very significant role in the decisions regarding the facility's
defendant could be liable as an operator. closure. However, the evidence also showed that the facility's

Although the court did not really distinguish between the plant managers were completely in charge of the plant opera-
criteria it considered sufficient to hold the individual defen- tion; the Board of Directors had the authority to approve or
dan liable as an actively involved corporate official and as disapprove capital expenditures; and the president had ul-
an operator, it indicated that this individual could be held timate decision-making authority. In other words, although
personally liable under both constucts when it was shown the individual may have been the Board's liaison to the
that the individual 1) was president, chairman of the board, facility, and he had some authority to engage in independent
treasurer, and principal stockholder, 2) designed the reat- decision-making, he did not have sole responsibility for the
ment processes at the facility-, 3) visited the facility half to overall operation of the ftcility. Rather, given the joint
two-thirds of the working days each month, until he moved authority and responsibility exercised by the Board, the presi-
away, 4) called nearly every day, after he had moved, to dent, this individual, and the plant managers, the only clear
discuss leaks, spills, and other aspects of the facility's opera- conclusion to be drawn was that the facility operator was the
tion and production; and 5) was responsible for environmen- corporation itself.
tal compliance. The court did note that the individual would The judicial officer said.
not be liable as an actively involved corporate official for
isolated occunences done without his knowledge and con- "Absent circumstances that justify a piercing of the
trary to company policy. However, clearly that had not hap- coqpoa veil, the Agency may not reach beyond a
pened he. corporate operator to impose liability for violations of

Other tribunals, however. have been quick to point out Part 265 upon a corporate officer. Corporate operators
that, absent overwhelming control, individual liability should of RCRA facilities necessarily rely upon individuals or
not attach, for violations of reguluory requirements, under groups, often corporate officers, to direct their ac-
the enviraumental laws. A very Pren case before an EPA tivities, including activities that might lead to or con-
judicial officer involved a claim that a corporation, and its stitute a RCRA violation.
secres easure, as an operator, were both civilly liable "Such reliance, however, does not justify disregard
for failure to perform the necessary steps, under 40 C.FR, of the corporate form and imposition of personal
£265, to close an interim status surface impoundment. In the liability. If decision-making authority provided a suffi-
Mauter of Southern Timber Products, Inc., DI/BA Southern cient basis for imposing liability, any corporate officer
Pine Wood Preserving Co. and Brax Bason, 1990 RCRA or shareholder who makes a decision or directs an
LEXIS 22 (USEPA 1990). activity that is ultimately deemed to be a RCRA viola-

The judicial officer first rejected the idea that the in- tion would be personally liable for the costs associated
dividual defendant had, in some way. stepped out of his withachievingcompliance, and for civil penalties of up
corporate role and conducted himself in such a way as to to $25,000 per violation per day. Given the strict
permit the imposition of liability by "piercing the corporate liability and substantial penalties that attend RCRA
veil." He noted that the secretary-tresuer had not acted in violations, as well as the sometimes confusing nature
such a way to make the corporation his alter-ego; the corpora- of the RCRA regulatory scheme, I am loath to impose
don was never undeecapitalized; and the corporate assets such sweeping liability upon a corporate officer absent
were never teated as this individual's assets (i.e., he never more compelling evidence that die officer is the owner
added to or withdrew capital at will). In sum, sufficient oroperator of the facility a defined in the rules."
attention was paid to maintaining the separate identity of the
corporation to make it a bona fide corporate entity and not Thejudicial officer also heldthat negligent conduct in pursuit

of the cleanup, even if proven, could not, alone, be the basis
for a finding of individual liability.cAa m Mr .Wm vam- ,C,- ,d bald of -e so ladv mI., .£ However, in a recent cas, a court, in extending liabilityaOpumNS ofiar,:• DI~lm sdmi RlCA, WqM S of Il IIIi i~ n ap~nw,

0 . heWOow-fam OvOpM* od-me& ,mddem to an individual, found that there could be more than one
mmuiq ,ehm I oa.pls.u -m s md w dv uy ,.ls In d "oeator of a lndfll In that case, the individual was listed
ihp vltWe ,Wvky. UAWn, SWU v. COemunu CkWW co. 660 on certain cetficates required for regultory compliance a
P. Sop. 123. d operato he was one of the named lessees of heoperty
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on which the landfill was located, and he remained personally engineering manager, was responsible for controlling pollu-
liable on the lease; he exercised control over the landfill, tion fromn the plant; that he condoned or ordered a by-pass of
along with its named manager, he and the named manager the pollution control equipment; and that he could have shut
jointly decided who to hime he personally decided whether down the plant, rather than ordering the by-pass. It was also
improvements would be carried out; and he purchased equip- shown that by-passing the pretreatment system was a very
ment. In addition, he was the named insured on the landfill's frequent occurrence at this plant and that the defendant had
insurance policy, and he personally guaranteed an open- misled city representatives about the discharges. The court of
ended loan to the landfill company. United States v. Environ- appeals further held that the defendant was not entitled to a
mental Waste Conrol, Inc., 710 F. Supp. 1172 (N.D. Ind. jury instruction that business or economic necessity
1989). prevented him from shutting down the plant.

Criminal Liabilty Knowing Violation of RCRA

When criminal activity is alleged, even in the corporate RCRA contains many provisions that involve knowing
context, individuals are generally charged with the crime. The violations. However, courts are split over how much
main issue in this area of the law is how much evidence of knowledge is required. The Third and Ninth Circuits have
knowledge is required, in order to sustain a conviction. As is different knowledge requirements for a criminal violation of
the case on the civil side, reported cases in this area have 42 U.S.C. §6928(dX2XA). Pursuant to 42 U.S.C. §6928(d),
generally involved egregious conduct and have, on the whole, it is unlawful for any person to: knowingly treat, store, or
focused on employees of smail- to-medium-sizedcompanies. dispose of any hazardous waste.., without a permit ....

Al of the environmental statutes have provisions that In United Statesv.Johnson & Towers, Inc., 741 F.2d 662
make certain types of conduct into criminal offenses. These (3rd Cir. 1984), the court identified a four-part knowledge
provisions encompass negligent, knowing, and strict liability requirement: that the defendant must know that he treated,
offenses. Selected provisions from CWA, RCRA. and stored, or disposed of a waste; that he knew the waste was
CERCLA which illustrate each of these three types of offen- hazardous; that he knew a permit was required: and that he
ses will be discused. knew no permit had been obtained. More specifically, the

Court stated, "we conclude that... all the elements of that
Negligent Violation of Ihe Clean Wat ct offense must be shown to have been knowing." 741 F.2d at

The CWA authorizes prosecutions for, inter alia, the 664-665.
negligent violation of any of its provisions and/or conditions In United States v. Hoflin, 880 F.2d 1033 (1989), the
inaNPDESpennit, and it provides that thoe convicted "shall Ninth Circuit declined to follow the four-part knowledge
be punished by a fine of not less than $2,500 nor more than requirement in United Staies v. Johnson & Towers. On ap-
$25,000 per day of violation, or by imprisonment fornot more peal, Hoflin had argued that he did not know of the permit
than 1 year, or both." requirement In other words, Hoflin maintained that

In United States v. Hoflin, 880 F.2d 1033 (9th Cir. 1989), knowledge of the lack of a permit was an essential element
the defendant was convicted of aiding and abetting in the of the crime. In rejecting this argument, the Ninth Circuit
negligent violation of the NPDES permit pursuant to 33 reasoned that knowledge of the absence of a permit is not an
U.S.C. 11319(cX)(). The Defendant had been the director of element of the offense and that the government need only
Public Works for a municipality ihat owned and operated a prove that the defendant knowingly disposed of the waste and
restaurant. He directed that certain waste be burned instead tha the waste was hazardous.
of complying with its disposal under the terms of the permit. In the case of United States v. Neville Chemical Co., 20
In United States v.FrezzoBros.Inc.,602 F.2d 1123 (3rd Cvi. ELR 20197 (9th Cir. 1989),! a corporation appealed a con-
1979). the defendants were convicted of negligent violation viction for knowingly disposing of hazardous wastes, in
of 33 U.S.C. 11319(c). The defendants were the principal violation of 13008 of RCRA, 42 U.S.C. 16928(dX2). That
corporate officers in a family business and maintained inade- crime is established by a showing that 1) any person; 2)
quate holding tanks for their waste water which, whenever it knowingly treated, stored, or disposed of any hazardous
rained, would overflow and discharge into a stnem, waste; 3a) without a permit; or 3b) in knowing violation of

In the recent case of United States v. BoLdA 929 F.2d 35 any material condition or requirement of such permit. The
(ltCir. 1991), the U.S. Courtof Appeals for theFuntClrcuit appeals court rejected the contention that this language re-
upheld acfriinal conviction of anemployee at an elecuopatt-
mig company for CWA violations. The evidence showed that
industrial wautewmr, containing metals in excess of the -I at ,oan md fbr pmbitm in *a rrdOW Raepomw
pretreatment limits, had been discharged to the city sewer. Symm id ia uilmey noM aN. 0 be cutd a pmcdeu. See Ninib Cacuit
The evidence further showed that the employee, a chemical RuE 36.3
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quires a finding of "specific intent" to violate the statute (i.e., As in the civil area, efforts have been made to establish
that the court must find the defendant knew it had disposed criminal liability on the basis that a person is a "responsible
of wastes, knew they were hazardous and knew there was no corporate official" However, these efforts have generally
permit). The court held that the trial court need not find that been unsuccessful because most environmental statutes re-
the defendant knew the wastes were disposed of and that they quire at least knowledge of some elements of the crime before
were hazardous. Neither proof of knowledge of the law nor a defendant can be criminally liable.
proof of intent were required. A recent case which discusses the knowledge require-

In United States v. Dee, 912 F.2d 741 (4th Cir. 1990), meat is United States v. McDonald and Watson Waste Oil
cerL denied, 111 S. CL 1307 (1991). three civilian employees Co.. 1991 WL 74173 (lst Cir. 1991). In that case, a corpora-
of the federal goverment, who were in charge of certain tion and several individuals were convicted of illegally treat-
facilities at the Aberdeen Proving.Grounds in Maryland. were ing. storing, transporting, and disposing of hazardous wastes
convicted of several knowing violations of RCRA including without a permit; of transporting and causing the transport of
unpernitted treatment, storage, and disposal of hazardous hazardous waste to an unpermitted facility, all under RCRA;
wastes. Tbe defendants appealed the convictions, arguing that of failing to report the release ofa hazardous su'4tance, under
they did not "knowingly" commit the crimes with which they CERCLA; and of making false statements and mail fraud,
werecharged. K The defendants argued that they did not know both under 18 U.S. Code.
violation of RCRA was a crime or that regulations existed All three individuals appealed their convictions. The
identifying the chemical wastes as RCRA hazardous wastes. appeals court upheld several of the convictions with very little
The appeals court rejected that argument on the basis of the discussion. Rejecting arguments that the defendants did not
old chestnut, "ignorance of the law is no excuse." The court know the wastes were hazardous, it held that knowledge of
went on to quote from a Supreme Court case involving a the hazardous nature of the substances could be inferred from
conviction for transportation of some hazardous materials in certain evidence which was offered at the trial. That evidence
viohltion of Interstate Commerce Commission regulations: included discussions with and correspondence to the defen-
"Where, as heme... dangerous or deleterious devices or dams and the presence of their signatures on certain docu-
products or obnoxious waste materials are involved, the prob- ments. The court held that the jury could also infer, from the
ability of regulation is so great that anyone who is aware that evidence, knowledge of the permit status of the facility or, at
he is in possession of them or dealing with them must be least, that the defendant had willfully failed to determine the
presumed to be aware of the regulation."912 F.2d at 745, status of the hazardous material under the permiL
quoting United States v. International Minerals and Chemi. However, the court did reverse the conviction of one
cal Corp., 402 U.S. 558 at 565 (1971). defendant because the government had not proved he actually

The appeals court did agree that it was necessary for the knew the shipments of hazardous waste were being made. In
government to prove the defendants knew the chemicals were so doing, the court rejected the argument that the defendant
hazardous, or "had the potential to harm others or the environ- could be convicted under environmental laws which require
menw " However, the court noted that there was overwhelm- knowledge [emphasis added], solely on the basis that he was
ing evidence the defendants were aware they were dealing a "responsible corporate officer."
with hazardous chemicals and that they were "wastes," as that The court indicated that under some public welfare
terms is used in RCRA. [See also United States v. Sellers, 32 statutes (e.g., Food and Drug Act) conviction of a person may
ERC 1881 (5th COr. 1991). holding it was not "plain error" for be based solely on a finding that the person had "authority
a court not to give an instruction that the defendant knew the with respect to the conditions that formed the basis of the
waste was hazardous, when the defendant clearly knew he alleged violations." United States v. Dotterweich, 320 U.S.
was disposing of paint solvent, which was extremely flan- 277 (1943) (upholding a misdemeanor conviction for the
mable.] shipment of misbranded or adulterated food and drugs, even

One of the defendants in UnitedStates v. Dee also arud though the official had no knowledge of the shipment). The
he was not a person who "directed the stowae or disposal court noted, however, that crimes of this type are strict
operations" The appeals court rejected tht argument, flnding liability crimes. A person is guilty under such a statute if he
that he was in charge of operations at the facility where the had. by reason of his position in the corporation, respon-
chemicals were illegally stored and that he had originally sibility and authority either to prevent, in the first instance, or
ordered the placement of those chemicals in the nonpernitted promptly to correct, the violation complained of, and that he
facility. failed to do so. See United States v. Park, 421 U.S. 658

(1975).
sru a am wind thdo ty ma i.= ft. pousecan However, if a statute imposes a knowledge requirementý
.- orn h w - UkI a mloe•"•m appoab IJ IsFI'w knowledge must be proved. Said the McDonald and Watson
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"Knowledge may be infered fiom ccurnstantial hazardous substance as soon as the person knows of it. In
evidence, including the position and responsibility of United States v. Carr, 880 F.2d 1550,1554 (2d Cir. 1989). a
defendants such as corporate officers, as well as infor- supervisor of maintenance at a rifle range was convicted
maion provided to those defendants on puior oc- under Section 103 of CERCLA, 42 U.S.C. Section 9603, for
casions. Further, willful blindness to the facts failing to report the impoper disposal of waste cans of paint
constituting the offense may be sufficient to establish (an improper release) to the appropriate authorities. The court
knowledge- However, the district court erred by in- held that the meaning of "person in charge" under both
structing the jury that proof that a defendant was a Section 103 of CERQ.A and Section 311 of the CWA, 33
responsible corporate officer, as described, would suf- U.S.C. §1321. encompassed "supervisory personnel who
rice to conclusively establish the element of knowledge have responsibility for the facility." The bases for the court's
expressly required under §3008(dX 1) [of RCRA]. decision were the legislative history of CERCLA and discus-
Simply because a responsible corporate officer sions contained in the Congressional Record.
believed that, on a prior occasion, illegal transportation
occurred, he did not necessarily possess knowledge of Penaties
the violation charged. In a crime having knowledge as Penalties that are imposed for environmental crimes can
an express element, a mere showing of official respon- also be quite severe. In the case of United States v. Bogas,
sibility is not an adequate substitute for direct or cir- 920 F.2d 363 (6th Cir. 1990), a court of appeals considered
cumstantial proof of knowledge." the issue of whether a trial court had improperly applied the

See also United States v. White, 1991 WL 22878 (E.D. federal sentencing guidelines. In that case, an airport manager

Wash. 1991). Court held that the government was required to had authorized the unpermitted burial of sonc hazardous
prove not only knowing treatment, storage, or disposal of waste on airport property. The action was soon discovered,
hazardoe wanto under RCRAt but it must also prove that the and prompt remediation occurred. However, the court indi-
defendant knew the waste was hazardoust cated that the cost of the cleanup necessitated a higher offense

level than had been assigned. See also United States v.
It should be noted tat some criminnl provisions of some Sellers, 32 ERC 1881 (5th Cir. 1991) (41-month prison

of the environmental stautes do not require proof of sentence upheld, based on an increase in sentencing level for
knowledge. For example, under the Clean Air Act, negligent "a discharge... resulting in actual environmental contamina-
endangerment of others by virtue of a release to the atnios- tion," even if the release was just for one day); United States
phere is a crime. v. Wells Metal Finishing, Inc., 32 ERC 1505 (1st Cir. 1991)

Stulct Liility Offense Under CERCLA (upholding a 15-month prison sentence and a year of super-
vised release, conditioned in the payment of a $60,000 fine,

42 U.S.C. 19603(bX3), in relevant part staues: for discharging excessive amounts of zinc and cyanide into a
municipal water system, for 2 years, in violation of the Clean

"... my person [in charge ofa vesel or a facility] from Water Act).
which a hazardous substance is released, other than a
federally pennitted release, in a quantity equal to or Immunity from Uability for Injuries
greater than that determined pursuant to section 9602
of this tide, who fails to notify inunediately the ap- Traditionally, government employees have been spared

propriate agency of the United States Government as liability for injuries occurring as a result of activities per-

soon as he has knowledge of such release or who formed during the course of their employment. The Federal

subnits in such a notification any information which Tort Claims Act has been considered the traditional, and

he knows to be false or misleading shall, upon convic- exclusive, legal mechanism by which persons, injured by

don, be fined in accordance with the applicable negligent or wrongful acts of federal employees committed
provisions of Title 18 or imprisoned for not more than within the scope of their employment, have been compen-
3 year (or not mome than S years in the came of a second soled for their injuries.
or subsequent conviction), or both. Notification In 1988, a Supreme Court decision changed this tradi-
moeived pursuant to this paragraph or information do- don. In Westfali v. Erwin. 484 U.S. 292 (1988), the Supreme

Mained by the exploitation of such notification don not Court restricted the common law tort immunity available to
be used against my such person in any criminal cue, federal employees. In Wes&faU, officials of a federal storage
except a prosecution for perjury or for giving a false depot were charged by a federal civilian warehouseman with
statement," negligence in "proximately causing, permitting, or allowing

(the war.oeaen ] to inhale (injurious levels of) ... soda
Section 9603(b) imposes strict liability upon the penron ash." id. at 294. The w u em claimed that he had

in charge of a facility for the failure to report a release of suffered chemical bums to his eyes and thwoat due to his
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inhalation of soda ash dust that spilled from a bag sent to his enacted the Federal Employees Liability Reform and Tort
warehouse. The federal district court held that the federal Compensation Act of 1988. This Act specifically prohibits a
officials were absolutely immune from liability for the tort suit against an individual federal employee, acting within the
actions committed while they were acting "within the scope scope of employment at the time of the incident, whether the
of their employment" The U.S. Court of Appeals for the Act was discretionary or not. Congress enacted this Act with
Eleventh Circuit reversed the decision, however. The the purpose of protecting federal employees from personal
Eleventh Circuit held that a federal employee enjoyed im- liability for common law torts committed within the scope of
munity only where the challenged action fell within the scope their employment, while continuing to provide persons in-
of his or her employment and the act was discretionary in jured by the common law torts of federal employees with an
nature. id. at 295 [emphasis added]. The Supreme Court appropriate remedy against the United States. H.R. 4358
affirmed the circuit court, refusing to adopt a broad view of 100th Cong., 2d Sess. §2 (1988).
the scope of immunity allowed to federal employees. id. at Again. it should be reiterated that Federal Employees are
297. not immune from criminal prosecution/liability. See United

In response to the Supreme Court's decision, Congress Stwes v. Dee, supra.
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A Historical Review of the Need for Military
Toxicology and the U.S. Army's Response

Joel C. Gaydos, M.D., M.P.H.
U.S. Army, Department of Preventive Medicine & Biometics (DPMB/A1039), Uniformed Services University
of the Health Sciences, F. Edward Hebert School of Medicine, Bethesda, Maryland 20814-4799

"ff men could learn from history, what lessons it might Jamestown weed, a name later corrupted to jimson weed.(2)
teh usr" The second incident was directed at George Washington.

Samuel Taylor CoAidge Thomas Hickey, a member of Washington's guard and a Tory
(1772-1834) sympathizer, plotted with the daughter of a New York City

Is twh a discipline called "military toxicology that is tavern keeper to add an unknown poison to Washington's
different enough from the standard practice of toxicology to food. The woman apparently had a change of heart and
deserve a distinclive label, or is military toxicology merely the whispered a warning to her guest while serving him peas. The
usual practice of toxicology on a military installation or on peas were not eaten. Hickey later attempted to form a secret
behalf of the military? To answer this question, I will histrically Tory corps within the rebel army and participated in planning
review the requiremnta for toxicologal assessenwts that for the burning of New York City and the assassination of
occurred in the United States military services and a few General Washington by stabbing. Thomas Hickey was
foreign military services. How the U.S. Army fulfilled its need hanged on 28 June 1776, distinguishing himself as the first
for toxicological studies through the establishment of several American soldier to be executed.(2)
laboratories is discussed, followed by some houghts for
future. The art of toxicology also was used very early in history

to directly improve the warior's offensive capability in com-
Introduction bat. Arrows with poisoned tips probably appeared on the

battlefield before 1500 B.C., since the Ebers papyrus of
The Early Years approximately the same period contains a recipe for aconite,

an arrow poison used by the ancient Chinese. )
Considering a traditional definition of toxicology, that is, The three episodes above are interesting but provide little

"the art and basic science of poisons," and reflecting on how insight into why the modem military developed a need for
this discipline may have related to earlier armies, one will toxicological expertise. Certainly, the potential contamina-
almost certainly conjure up ideas of assassination attempts tion of food rations with toxins remains an important military
and poisonings of toops-'(I Examples of both occured in the concern, and the introduction of toxic chemicals onto the
United States. One was probably accidental, the other en- battlefield in the form of poisoned arrows might be con-
tional. sidered a harbinger of the chemical warfare of World War I.

In the late 1670s, Nathaniel Bacon led a rebellion against However, the massive military machines with incredible
the Colonial Governor in Jamestown. A thousand English firepower that began appearing in the latter nineteenth cen-
troops were sent to suppress the rebels; however, by the time fury, and the dispatching of U.S. forces to the far comers of
they arrived, Bacon had died of a fever and the Governor was the world, to the depths of the ocean, and beyond the earth's

athering the other uuurgta. Twhe troops made camp. stood gravity introduced questions about toxic hazards that chal-
by while trials and executions weo carried out. and foraged lenged the most expert toxicologists.
for food. One group returned with the foliage from a lea•y To fully appyriate the importance of the milestones
plaus, which they cooked as a mess of gems. What followed discussed below, one must expand the traditional definition
was described as "a very pleasant Comedy" performed by of toxicology to include the contributions made to hazard
"natural fools." Recorded observations included "sneezing," identification and communication, standards development.
"pawing." "kissing," and "nakedness" that lasted 11 days and and the formulation of policy regarding public health, the
passed without any of those affected nmembering what had wodrplace, and the general environment. Several significant
occurred. They had consumed the leaves of the dmh aple, events are summarized under the categories of chemical
Dasaramoniwnur which contain belladona alkloidL Be- warfae, conventional munitions, toxicity of materials, and
cuse of this incident. thedn trapple became known as the military enclosed spaces.

ISO
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chmilod Warfae In World War I, almost 100 thousand people were killed
and -mm than I million casualties were inflicted because ofEarly wandrd and military minds of the Ameican Ciwvil the use of poison gas. The 1925 Geneva Protocol banned the

War pthebedt tie use of highly effective chemical weapons use of poison gas but permitted its development, production.on dhe battlefield; however, the world's chemical expertise an storage. Unfortuately, the use of chemical warfare
was undeveloped and could not support the concept. Adds- agn hst goae nfotu Italy used it aginst Ethiopia (1935-

tionally, the attitude that chemical warfare was repugnant 1936); Japan used it against the Chinese (1939-1944); and

probably existed in antiquity. A Latin quotation, and perhaps hraq. saed it against di its own K(urdish popula-

the first prohibition against the m ilitary u%e of chem icals, 'Ioa (1983--1988). In and P i n t it on u ni laterally
reads:h on (1983-1988). In 1969, President Nixon unilaterallysituation began changing in the decades preceding World halted the production of chemical weapons in the US. This
War L The b egan chaemical n ustry experienced exdaor- action resulted in large stockpiles of chemical warfare agents
War Lgheroptan cith ermilnsy e xpergincasaleadexr.Baorc that would be left in place, to deteriorate and to eventually
dary gowh wichlorthylsu , G whiany wer asula leader. Basic create a major waste disposal problem. The 1986 Defense
work on dichloroethylsuifide, which we would later recog Authorization Act required the destruction (demilitarization)nize as "mustard," was conducted by the English chemist of the aging munitions and agents. In keeping with the U.S.

Guthrie as early as 1860. He described its blistering effect on

skin when applied as a liquid. The Swedish chemist Scheele position that a chemical weapons capability deters an enemy
poisonous gas attack, the 1986 Act also approved productionproduced chlorine, arsenic, and hydrogen cyanide. By the of a new kind of chemical weapon, the binary system. In the

turn of the centur, these chemicals were available in large bfna se m two com pone toc but subletha
quantities and military applications were being considered binary system two componenits of toxic but sublethal charac-
seriously. Concern that these substances might be used in ter anm manufactured and stored separately. Whan the weapon

anger prompted nearly all the European states to adopt in (e.g.. an artillery shell) is fused, separate containers of each
1907 alprohibition against the wse ofpoisons in warfare.(3..3 component are installed. On firing, the separate containersrupture and the components mix to reach lethality.S- 10)

Restraint in the use of chemical weapons lasted only 8 Both the planned destruction of old chemical warfare
years. Germany entered World War I with plans that called munitions and the production of the binary system created
for only a few months of intensive warfare. The winter of muni tions and the pno they system cad
1914-1915 brought about serious depletion of ammunition my new questions and issues, and they echoed many old
stocks and Germany looked to ways of mobilizing nioa questions and ies about chemical agent toxicity. From the
industries behind its military forces. The French had used tear present, the U.S. Army has never stopped laboratory work on
gas as early as August 1914 and the German chemical i. chemical agents, although the emphasis has changed over
dustry was very powerful. The choice seemed obvious to um The concerns dot have fueled t research have
everybody except the Allies, who seemed to think it would tm.Tecnen hthv uldti eerhhvresulted from the possibility of chemical agent exposure withnever happen. On April 22, 1915, at Ypres, Belgium, the armed conflict; terrorist activities; the destruction of our
Germans launched their first gas attack using chlorine. At- aging chemical stockpile; the accidental unearthing of old,
tacks with phosgene, mustard, and a number of other agents agin cheial ste; the accidn unathing ofod
(including the pulmonary irritant chloropicrin and forgott burial sites; and the production of the binary sys-
vesicants chiorarsine and bromoarsine) followed.(3"53 tem.( 1) Beginning with World War L the Chemical Warfare

Service had boh medical and research sections. This arran-The Allied military physicians did not know how to treat gement continued until 1979 when the Biomedical
gas casualties. The US. observed the events occurring in Laboratory of the U.S. Army Chemical Systems Laboratory,
Europe but did not seriously investigate the physiology, Edgewood Area of Aberdeen Proving Ground (APG),
pathology, and therapy of chemical warfare injury until 1917, Maryland, was transferred to the U.S. Army Surgeon General,
the year we entered the hostilities. When studies were finally threby creating a sharp distinction between Chemical Corps
initiated, these were directed by the medical and the phar- research and U.S. Army Medical Deparmnent research into
macology and toxicology sections of the U.S. Army Chemical atidotes and the defensive aspects of chemical warfa. The
Warfare Service, in collaboration with the U.S. Bureau of rmo laboratories that resulted were the Toxicology Division
Mines; Yale University; American University; Western of the U.S. Army Chemical Research, Development and
Reserve University; and the Royal Engineers' Experimental Engineering Center (CRDEC), APG, Maryland, and the U.S.
Station, Porton, England. Considerable work was done that Army Medical Research Institute of Chemical Defense (U.S.
contributed to the development of toxicological methodol- AMRICD). which is also at APG.(5'i 1-13)
o0Y. For example, various exposure chambers were designed
and built, the strengths and weaknesses of different animal Co n W unitlm
models were studied, and considerable emphasis was placed
on fndin% ways to evaluate pulmonary and ocular It was not until the eleventh century ". that propellants
toxicity.( 5 " and explosives as we know them began to emerge. Using
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potassiumnitrate (saltpeter), sulfur, and charcoal, theChinese Both Hamilton and U.S. Army sources documented the
developed explosives that sometimes burned and sometimes morbidity .nd mortality from occupational diseases that were
exploded. Their early military use of this material probably attributed to exposures in the U.S. munitions industries. Ex-
included experimentation into propelling objects from bam- posure to oxides of nitrogen and TNT were thought to account
boo tubes; however, the Arabs were given credit for inventing for most illnesses and deaths due to toxicity. The Army
the first gun in 1304.(14) reported that in World War I there were 230 fatalities

Knowledge about the mixture of saltpeter, sulfur, and (presumably due to occupational diseases) per billion pounds
charcoal, or "black powder," spread throughout the western of explosives manfred.1 5 "6)

world between the thirteenth and seventeenth centuries. In the Hamilton considered "nitrous fume poisoning" to be an
colonies, powder making was initally conducted in a prirni- engineering problem that manufacturers eventually cor-
tive fashion as a small cottage industry. Later, powder mills rected. However, TNT poisoning was a different matter.
were constructed, but there were few innovations in the Acccording to Dr. Hamilton, the English knew about the
powder industry until the mid-nineteenth century, when a problem of skin absorption with TNT exposure, and English
new military explosive called guncotton appeared in manufacturers paid attention to the need for plant cleanliness
America. This nitrated cotton, invented in Switzerland, was and personal hygiene in the workplace, to include having
far ahead of its time and was rejected by American manufac- washable working clothes and showers. Manufacturers in the
turers because it was too costly to produce and its strong gases U.S. did not do these things. In England, ther was a wealth
ruined gun barrels. Later, in 1866, Alfred B. Nobel perfected of clinical information concerning TNT poisoning, but
a superior explosive after experimenting with mixtures of American physicians apparently did not know what to look
nitroglycerin and various materials including black powder, for, were indifferent, or were secretive.Y5)

charcoal, brick dust, and wood dust. He named his new Alice Hamilton attacked the explosives industry in
explosive dynamite. Dynamite was primarily a commercial several ways, including 1) causing the National Research
explosive because it was extremely effective in breaking up Council to appoint an expert committee to act as a consult-
rock and ore and greatly increased production in the mining, ative body and 2) working to establish a code to protect TNT
excavating, and oil drilling trades. Nevertheless, the rapidly workers. The expert committee made it possible for medical
developing dynamite industry demonstrated several features students to visit TNT plants and to study exposures and
that signaled major changes in the manufacture of military poisonings. Additionally, in April 1919, 5 months after the
explosives and propellants. These included a relatively safe armistice, a code was published. Unfortunately, the code was
explosive, affordable cost, and an explosive that could be voluntary and weaker than the British code.(15)

modified to fit a variety of different applications. As for black Dr. Hamilton was a pacifist, but she acknowledged the
powder, the Spanish-American War (1898) was the last advancement of industrial hygiene and toxicology in America
major conflict in which it was used in large quantities. Black as a result of World War I: '"The war did have a beneficial
powder continued to be employed for special applications, influence on industrial hygiene. If it increased the dangers in
e.g.. in primers and fuses; however, World War I (1914- American industry, it also aroused the interest of physicians
1918) was fought with a new generation of explosives.(14) in industrial poisons. And that interest has never died down,

Prior to World War 1, Americans had been heavily reliant on the contrary it has increased with the increasing corn-
on the German chemical industry. The U.S. industrial base plexity of methods of manufacture."(15)

contained very little expertise in the production of many of During World War II, in the U.S. munitions industry,
the chemicals needed in wartime. Therefore, the U.S. in- 968,000 man-years of operations resulted in 28 occupational
dustries, especially those dealing with coke by-products, had disease fatalities (22 from TNT exposure, 3 from oxides of
to realign to produce dyes, aniline, and nitric acid, which was nitrogen, 2 from carbon tetrachloride, and I from ethyl ether).
critical to the production of munitions. The leaders of these These numbers equate to less than three occupational disease
industries expressed concern about preventing explosions but fatalities per 100,000 man-years of work or five fatalities per
had no interest in the toxicity of industrial chemicals, par- billion pounds of explosives manufact a ratio 46 times
ticularly unfamiliar ones like picric acid and trinitrotoluene lower than that observed for World War LV 6)
(TNT). Dr. Alice Hamilton, the pioneer of American occupa- One significant reason for the large difference in occupa-
tional medicine, inspected many munitions plants for the U.S. tional disease morbidity and mortality between World War I
Department of Labor. She sometimes located the industrial and World War II was the establishment of the U.S. Army
site "by the great clouds of yellow and orange fumes, nitrous Industrial Hygiene Laboratory at the Johns Hopkins Univer-
gases which in those days of crude procedure rose to the sky sity School of Public Health, Baltimore, Maryland, in 1942.
from picnc-acid and nitrocellulose plants. It was like the The laboratory consisted of people skilled in medicine,
pillar of cloud by day that guided the children of Israel." At chemistry, toxicology, industrial hygiene, and engineering.
other times, "canaries," workers stained yellow with picric Their mission was to assess occupational health hazards at
acid, led her to the plant.(13) various industrial facilities supporting the war effort. The
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laboratory focused on operations in munitions plants. at- numerous laboratories and the U.S. Public Health Service to
senals, and depots, and the associated toxicological issues provide the urgently needed toxicological assessments. Sub-
were addressed by the military services, the U.S. Public stances that were evaluated included fungicides, flame retar-
Health Service, and civilian institutions. Literatmre reviews dants, fuels, cosmetics, plastics, adhesives, alloys, foodstuffs,
were done to obtain all existing toxicity data on aromatic methyl bromide, DDT, and other insecticides, miticides, and
amino and nitro compounds, which included most explosives, repellents including aerosols. Unfortunately, many opinions
and extensive field and laboratory research stsdies examined on the presence or absence of toxic hazards were rendered on
the toxicity of many different types of explosives, including the basis ofjudgement only because the needed scientific data
TNT, pentaerythritoltetraniwate (PETN), and RDX (cyclo- were not available. The toxicological capability of the
nite). Additionally, the U.S. Public Health Service evaluated uniformed services had been overwhelmed. This unforrmnate
stream pollution from explosives plants.17) and unacceptable problem was clearly recorded in the medi-

History has demonstrated that military planners and cal archives of World Warl15.16.22Z24)

weapons developers will never cease in their search for better Following World War IL the U.S. military would retain
and more powerful explosives and propellants. However, a global posture, tropical infectious diseases would continue
history has also shown that human health effects must be to pose serious threats, and the list of new chemicals used in
determined r.,ly and appropriate steps taken to protect those vehicles, equipment and clothing, and applied directly to the
who may encounter toxic exposures. Toxicological work in skin would continue to grow unceasingly. The last 45 years
this area has continued to be addressed by the U.S. Army have demonstrated time and time again that the questions of
Environmental Hygiene Agency (U.S. AEHA, formerly the acute and chronic toxicity associated with the use of these
U.S. Army Industrial Hygiene Laboratory), APG, Maryland chemicals and the materials which contain them must not only
and the U.S. Army Biomedical Research and Development be asked but also must be addressed long before there is
Laboratory (U.S. ABRDL). U.S. ABRDL was established at human contact through production and use. Today, this work
Edgewood Arsenal, Maryland, in 1972 as the U.S. Army continues on a routine basis at CRDEC, U.S. AEHA, and U.S.
Medical Environmental Engineering Research Unit.l In 1974, ABRDL Safeguards have been implemented that now re-
it was transferred to Fort Detrick. Maryland, becoming the quire the review of all new items in the Army supply and
Environmental Protection Research Division of the U.S. equipment systems, including toxicological assessment, prior
Army Medical Bioengineering Research and Development to the time these items are made available to troops in the
Laboratory. It was renamed U.S. ABRDL in 1986. In 1978, field.(32526)

toxicological research needs exceeded the capabilities of U.S.
ABRDL, and toxicology studies were initiated at the Letter- Milty Enclosed Spa
am Army Institute of Research (LAIR), Presidio of San "Military cmed spaces" refers to the uniquely military

Francisco, California. In 1988, the toxicological effort at
LAIR was discontinued.(17- 2 1) environment that is most often found on submarines, in

amored gun turrets, inside armored land vehicles, and on
military aircrift and spacecraft. These distinctive military

Toxicity of Materals environments are similar in many respects but different in

The toxicological issues encountered by te others. The adverse health effects experienced by military

services in World War HI rapidly expanded beyond the muni- personnel serving in military enclosed spaces became ap-

tions industry. This was the result of several factors: 1) parent in the World War I em. These were addressed to some

following World War L the U.S. chemical and automotive degree in World War IL However, the unique expo-ures of

industries experienced trmnendous expansion and became military enclosed spaces did not receive the emphzsis they
deserved until the U.S. went into a period of intense weaponssuppliers of an incredibly long list of new materials; 2) the modernization in the late twentieth centr.(25.27-31)

expansion of American industry was accompanied by an
awreness of the adverse health effects that may result from N Co0l• utbn
exposure to chemicals; and 3) the U.S. military in World War
II had more people scattered over a wider geographical area Even before Archimedes described the principles of sub-
than in any other war in history. Uniformed people were mersion, Alexander the Great is alleged to have used a sub-
coming in contact with chemical compounds that were in- mersible vessel at the seige of Tyre in 332 B.C. From the time
tended to keep their machines running, to protect their equip- of Alexander to 1900, inventors made submarines and at-
me from mildew, and to protect them from disease-carrying tempted to power them by hand, by steam, and later, by
insects mi pathogenic agents such a malaria. To help deal electric batteries and perol engines. One was even deployed
with the complex issues of product safety and toxicity, a unsucceuMy by the Americans against the British in the
Toxicology Branch was established in the Office of the Army Revolutionary War. In the American Civil War, a Con-
Smureon General in January 1944. This Brarch worked with federate Vessel, the H. L Hunley, became the first submarine
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to sink a warship. This was hardly a victory because the ments in surface vessels occurred in the mid-nineteenth cen-
Hunley and her crew also went down in the explosion. The tuy and many innovations appeared in the military hardware
torpedoe of the Civil War were attached to a long spur or of the American Civil War. These included iron-clad ships;
boom in front of the submarine. The only possible chance for large, powerful naval guns; and revolving, armored gun tur-
success was for the slow submarine to attack a ship at anchor rets. Improvements in surface war ships continued, and by
and to hope for the best in getting away before an explosion World War 1, combatants were engaging each other in very
occurred. By 1900, several innovations were nerged to large, massively armored, and heavily armed battleships that
develop the model for the twentieth century submarine, became known as dreadnoughts. Before the start of World
These included a strong metal hull to withstand great pres- War L the German Navy experienced problems with "nitrous
sure, a self-propelled torpedo that could be launched by the fumes" filling the confined space inside naval gun turrets
submarine, a gasoline engine for power on the surface, and when the gun breech was opened for reloading. The gunners
an electric propulsion system that did not require contact with were overcome by the irritant gas, and for protection, they
the smosphem. (32 -34) wore respirator The gases causing the problem were probab-

Initally, undersea -raft had to surface frequently to ly a mixture of nitric oxide (NO) and nitrogen dioxide (NO2).
recharge the batteries. In the 1930s, Dutch naval experts The protective masks that were used, consistent with the
developed the snorkel, which allowed the craft to remain practice of the day, probably contained soda-lime and ac-
submerged for 1o0g periods. (One German U-boat stayed tivated coconut shell charcoal. While wearing the masks, the
submerged for 69 days.) When necessary, a fan pulled in fresh gunners were alleged to have developed methemoglobine-
ir and the diesel motors were run under the sea. The internal mia, with deaths occurring. Evidently, the masks did not
nvironment of the submarine before the nuclear age was remove NO and may have acrially increased the NO content

unpleasant. Submariners described foul, stale air that reeked in inspired air through the reduction of NO2. As a result.
of diesel fuel and other unpleasant odors, and mildew that beginning in World War I and for a period thereafter, the
covered food, clothes, and bunks. During World War IL there Germans conducted creative laboratory studies to differen-
were many reports of reduced effectiveness in submarine date the toxic effects of NO and NO2. This problem was
crews because of what the Navy called "defective corrected, at least in the U.S. Navy, with technology that
habitability." The following are quotes from U.S. Navy emerged in the 1930s. The final result was a compressed-air
World War i reports: bore cleaner that evacuated the combustion products in the

"Battery compartment of torpedo flooded during large gun tubes before the gun breech was opened. However,
attack, emitting chlorine gas into the boat." the presence of NO and N02 in military vehicles is still a

"Lack of air conditioning decidedly had a debilitat- matter of serious concern, and the toxicities of these two gases
ing effect on crew and slowed their reactions." me still compared and debated.(' 34.'")

"Patrol somewhat handicapped by poisoning (carb- Army Contrbutn
on tetrachloride) which affected majority of crew over
ten day period." The tank is the best example of an Army enclosed

Carborh ,etrachloride was used as a cleaning spray for military space. The tank first appeared on the battlefield in
electric motors. Whe, the motors became hot, it volatilized World War I, primarily a product of British ingenuity.(27)

and produced phosgene.(35 3 6) William Divall, one of the first tankers to go into battle

.. ie nuclear submarine made its debut in 1955 aid described the experience in a letter to his sister:

brought with it atmospheric control. Oxygen was extracted "The whole crew are at various mns, which break
from seawater and air scrubbers removed contaminants, but forth in a devastating fire."
the questions and problems of submarine air quality did not "By this time, the fumes from the hundreds of rounds
go away. In 1988, after an extensive study requested by the which we havefired, with the beat from the engines and
U.S. Navy, the Committee on Toxicology of the National the waste petrol and oil, have made the air quite oppres-
Research Council released a 154-page report on submarine sive and uncomfortable to breathe in. However, those
air quality -,at addressed monitoring and health effects in who go down to the land in tanks are accustomed to
divers who breathed submarine air under hyperbaric condi. many strange sensations, which would make an ordi-
bons. As we have observed in the past, naval weapons nary mortal shudder."(4-)

developers will continue to modify mnd to introduce new Two other innovations of World War I. an effective,
materials into subnlarines. It would be absurd to think that rapidly firing machine gun and warfare chemicals combined
submarine air quality will not continue to be a source of with tze tank to create dangerous environmemns filled with
concern and queions.( 337) carbon monoxide (CO). The CO came from the incomplete

The naval organizaions of the world also developed combustion of propellant in the machine gun shedLs. Casual-
enclosed spaces in their surface ships. Significant irnprove- ties from CO occurred before and during the war, tausing
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French military scientists to conduct field studies. Firing the shielded the aviator from the toxic hazards of combustion
machine gun in a tank with all hatches closed and the motor products, fuels and lubricants, aircraft cleaning materials, and
stopped produced the highest levels of CO.(27) anti-icing agents. Nevertheless, a whole host of ground sup-

A commonly used practice for setting up machine gun port personnel still faced these hazards; environmental
emplacements on the World War I battlefield created a some- problems, e.g., fuel spills, still occurred; and toxicological
what different enclosed space that was also extremely haz- assessments remained critical components of accident inves-
ardous. Machine gunners in a trench, for example, fearing a tigations. In the case of cargo or special function aircraft, the
gas attack, would attempt to use any material available to cockpit or cabin did not always afford a high degree of
create an air-tight envelope around themselves and the breech protection from exposure. The best known example of this is
of their machine gun. What they did was to effectively contain the exposure of Operation Ranch Hand personnel to Her-
the CO in their breathing area. As a result of the CO studies bicide Orange (with its dioxin contaminant) in Vietnam. As
conducted by the French military, the practice of hermetically we enter the era of extended space flight and space stations,
sealing a machine gun emplacement was forbidden(27) the U.S. Air Force may write a new chapter on enclosed

World War 11 brought bigger, more powerful armored military spaces, or perhapsthe may only add to the saga
fighting vehicles, and the U.S. Army met this challenge by started by the submariners.

establishing the Armored Medical Research Laboratory at
Fort Knox, Kentucky, to deal with the complex issues of this The Future of Military Toxicology

new man-machine interface including the toxicity of propel- I believe that military toxicology is a distinctly different
lant combustion products. (7.3°.31) Progress was made in discipline. It plays a major role in the toxicological assess-
identifying the toxic hazards in World War 11 armored ment of health and environmental hazards associated with
vehicles, but after the war, the Army Medical Department substances that are used primarily by the military or that
seemed to forget about this research area.(27 ) However, ques- present as an unusual type of exposure as a result of a unique
tions about armored vehicle habitability did not go away; military environmenL
instead they reached an incredible level of complexity in the What does the future hold for military toxicology? There
early 1980s, as the United States began developing armored will continue to be a high level of activity related to the
fighting vehicles that carried large-bore guns and that were environment because of public concern and significant legis-
sealed and artificially ventilated so that they could operate on lation, and great pressure will be brought to bear to find
a chemical battlefield. Additionally, these vehicles were to be alternatives to our current animal models. Additionally, there
constructed in such a way that soldiers inside a vehicle utht will be increased collaboration and cooperation between the
was hit by an enemy shell would have the greatest chance military services in conducting toxicological assessments.
possible of surviving. This meant careful evaluation of the However, for the most part, military planners and developers
types and quantities of potential toxicants that can be found will continue to develop new materials and weapons to gain
inside an armored fighting vehicle which has been penetrated the advantage, just as they have done since the beginning of
by an enemy shell and follow-up of field studies with ap- time. The problems and issues that I have presented and that
propriate bench studies. Considerable work has been done have kept us busy since World War 11 will continue. (13,49.50)

within the Army and under contract, including studies of CO In struggling with many of the programs and problems I
and the oxides of nitrogen. This has been accomplished by have discussed and in preparing this report, I found that
the Walter Reed Army Institute of Research. Washington. military toxicologists are generally not very interested in
DC, with certain aspects being adressed by the U.S.ABRDL, history nor do they make a great enough effort to preserve
Fort Detrick. Maryland, and the U.S.AEHA, APG, Maryland. their work for posterity. Therefore, I ask you to take the time
Vehicles, equipment, and soldiers in the recent Persian Gulf on a routine basis to ensure that your work will always be
War benefited from these efforts, which are continu- accessible in established archives; it will be needed again at

•3 some time in the future. Please keep in mind the words of

George Santayana, "Tbose who cannot r•nember the past are
Air Force Contibutlon condemned to repeat it"

Unlike the other services, the U.S. Air Force avoided
serious problems very early in the rapid development of air
and space technology. In the period between World War I and I. -&IISL. C.D.: Amdw. M.O.; Douil. J.: Cami ad Doullr, Toxicol-

World War II. military aviators were already looking beyond Co m pany c SaNo of Po(m19 394 ed. Minai id, nCo•a. New Yet (1956).
the stratosphere. However. the physical sturors and oxygen 2. Dwye. J.: Sump Swimm. Amig Fac of A.•eica's Pu. MeRuadu'a Diwemust A oan Ic.,. Pkmuinu'de. NY (I 199).
requirements of high-altitude flight forced the early develop- Reader's uAssociatio. GJ..:. Plme nWV. A TNm a Chum8-
ner of the enclosed cockpit or cabin with presaswe, tempera- c w..m lo a. W Book Compay. Inc. New Yet
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The history of the toxicology programs of the military ziness in the definitions of "state of the art." The history of
services is an appropriate consideration when addressing the the toxicology programs of the uniformed services transcends
application of science, policy, and practice to chemical risk this time of change in the profession of toxicology and was
assessment in the Department of Defense. Assessment of risk shaped by and helped shape the entire profession.
implies evaluating the probability of adverse effects caused by Continuing the notion of a mix between art and science.
a chemical - under specific conditions - as opposed to a
more straightforward description of the toxicity (potential for most toxicologists arec not even trained as toxicologists. It is
harm) of th at difficult to define precisely what toxicology really is. Per-

History, however, is much more than a chronological haps, it is a mind-set. Certainly, it is not a basic science. The
lisng of dates, times, and places. Rathr, history is a chronicle significant advances in what we usually consider to be
of interactions and influences and is sensitive to interpretation "toxicology" are really advances in biochemistry, pathology,
in the context of time. The history of any scientific endeavor physiology, etc., and are usually closely related to the ad-
must. therefore, be interpreted in the context of an often vancement of "state of the art" (that phrase again) in analytical
ill-defined and constantly changing entity - "state of the art." chemistry. Because toxicology is such an applied endeavor,
The very nature of a scientific program and the military facility it follows that applications of those advances of our col-
that has the mission of carrying out the program cannot be leagues in the basic sciences are what occupy the toxicologist;
treated as a tale of an inanimate objec-L but it must be as, for example, in the process of chemical risk assessment
recaogz as being the product of individuals who manned Much of what we usually consider to be toxicology is inter-
the laboratory, the goals to which they aspred, and t twined with un use of new knowledge and techniques to

define the biological actions of chemicals on humans, to

ToxWcology - Art or Scienc? quantify dose-response relationships between those chemi-
cals and effects, and to predict exposure conditions that will

It has been said that toxicology is the oldest of arts and not be harmful to human health. Evidence of this can be seen
the newest of sciences. At some time, however, ademarcation in the variety of educational backgrounds of investigators
or transition from one (the art) to the other (the science) who have contributed to the U.S. Navy's toxicology program:
occurred and a recognizable shift from mostly art to biochemisty, biochemical kinetics, physiology, pharmacol-
predominantly science became evident. It is usually not pos- ogy, clinical chemistry, psychology, pharmacy, zoology,
sible to pinpoint a precise date and time when such a transition chemistry, and toxicology.
occurs. In fact, that transition may only be apparent when
examined some years later and only be visible through the The Early Yeas and A Need for a Program
"PMzepehMjc~ope" (and With a rose-colored loes. at that).e (apndi witharoste-tolored i During the decade of the 1950s, it became apparent that

flie very real exponential growth of the toxicology profession ~ N ~ b I tathe Navy would be enc ountering toxkicoogy problems that
(including the advent of "imtmt toxicology") spanning the w encanteng oxi reouc p o em
decades of the 1960s nd 1970s lends iderable pwouldrequesignificantexpendiueofr stosolve.Weapons system were becoming increasingly complex andto the notion that practitioners of toxicology in thoe yaensuing ssion

not only witnessd but conmbuted to the transition from t degradation) resulted in the fonmation of the Navy Toxicol-
to science. It was not merely coincdee or happenstance
that the concept of quantitative risk assessment emerged a ogyUnt (N'n).
about the same time. Mw constantly and rWaidy changing T NIv Toxiog Uni
profession of toxicology as well as the rapidity of growth
conmibuted to (or caused) the altnating precision and fez- The Navy, in common with its sister servicm, can trace

IV7
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the beginnings of "military toxicology" to the questions that NTU (actually one of the reasons for its establishment), no
required answers during the World Wars. There was, how- laboratory was prepared to do 24-hour/day animal exposures.
ever, no permanence associated with the organizational sub- The original NTU modified the existing design Rochester
units which provided that toxicology support. The real roots Chambers for the first big push toward continuous exposure
of the Navy's toxicology program coincide with the foresight studies.(") Today's continuous exposure equipment has lit-
and vision of Captain Jac Siegel which resulted in the estab- de resemblance to those crude beginnings. It is usually not
lishment of the NTU. Captain Siegel conceived the notion of possible to pinpoint the beginning of some things. For some
a dedicated unit that would be responsive to the requirements reason, 90-day studies have become an accepted norm. There
of the "customer." Captain Jack Kinsey was part of the Deep is considerable support for the notion that standardizing on
Submergence Systems Project Office that had the respon- this time period was an outgrowth of a planning meeting of
sibility, in consonance with the Bureau of Medicine and the NTU staff in Captain Siegel's office. In order to stand-
Surgery, for solving man/machine interface problems con- ardize protocols, it was decided to add a 50% margin to the
cemed with nuclear submarine habitability. Rear Admiral published figure of 60 days for the duration of nuclear sub-
Ban Hogan. the Navy's Surgeon General, appreciated the marine patrols and, thereafter, exposures of experimental
magnitude of the problem and realized that the formation of animals would be for a duration of 90 days.
a dedicated unit, as proposed by Captain Siegel. was the best Ther are still concerns about continuous exposures in
means of solving it. NTU started operations using 3000 operational environments. In documents written to solicit
square feet in Building 119 at the National Naval Medical proposals for their Centers of Research and Training, the
Center (NNMC) in Bethesda, Maryland, in 1958. National Aeronautics and Space Administration (NASA)

considered that, toxicologically, the closest thing on earth to
The0 Original Mission a space station was a nuclear submarine.

The reasons for the formation of NTU have a great deal
of historical significance. The scope of the Navy's program Operational Toxicology
expanded markedly during the decades of the 1960s and The concept of operational toxicology is an important
1970s. Those were the toxicology "boom years." Significant- part of the Navy's toxicology program, but it is by no means
ly, the philosophy behind the program and, therefore, the limited to the Navy. Military toxicology research is structured
mission have changed little. Of interest are the definitions of and administered in consonance with the rest of the Depart-
mission and function that were assigned to NTU and, there- ment of Defense (DoD) research. Because appropriate toxi-
fore, to the Navy's toxicology program:0) cology data for risk assessment purposes are almost never

"...To provide technical and specialized services in available, it is often necessary to first develop technology as
the fields of operational toxicology and health en- part of developing specific data - the technology by which
gineering as related to toxicity problems encountered risk assessment is accomplished.
aboard ships; and in the design and use of new weapons Risk Assessment
systems. Also, develop and provide biological data so
that precautionary measures, conducive to good health To the extent that risk assessment includes evaluation of
practices, may be prescribed." toxicity under a given set of exposure criteria, the Navy's

toxicology program has always been risk oriented. To ac-
Even in the context of the terminology and jargon of three complish the end of protecting the health of military person-

decades later, some of the terms, to a large degree, sound like nel and enhancing mission performance. there is no way of
what is now considered to be risk assessment: freezing a toxicology research program into standard

" "Operational toxicology" carries the connotation of protocols that only define toxicity. Hazard assessment
pertinnal tris. (toxicology under conditions of exposure) has always beendefining r. part of the Navy's program as the original mission and func-

"* "Health engineering" implies mitigation of risk. tion statement dictates. Chemicals that are encountered in the
"* "Precautionary measures, conducive to good health design and use of most weapons systems are, for the most

practices" infers management of risk. paM new and (very frequently) "reactive." It is seldom pos-
sible to consult the scientific literature and find sufficient

Continuous EXposures toxicologic data on such chemicals on which to base a risk
Experimental data were required to establish safe ex- assessment. New information must be developed.

posum limits for continuous exposures. Because we are con-
sidering the hitorical aspects of toxicology, it is appropriate
to cite the origin of several commonly accepted parts of Of necessity, much of the practice of military toxicology
toxicology expeimeation At the time of the formation of was (and is) directed toward the requirement for the absolute
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infallibility of the military mission when called. There is no Military Operating Environment
room for occupational health episodes that adversely affect Military toxicology has developed into something that is
mission perornice. In today's language, this concept is intertwined with awareness and concern for operational en-
identical to the process of identifying the degree of "accept- v-onime and t Ther is consideration for the inter-
able" risk. In the context of acceptable risk as regards nmis- action of abnormal physical environments (and the
sion-sensitive occupational health hazards of military physiological adaptations thereto) with chemical toxicity.
weapons systems the amount of risk that is acceptable is very both for esoteric military chemicals and for such items as
close to zero. Because of this extremely low degree of accept- carbon monoxide that toxicologists have been studying for
able risk, any experimental studies upon which human ex- yea.(5) There is very real concern for the effect of even very
posure limits ae to be based must be proficiently (if not sight performance decrements on mission performance,
elegantly) done. The academic freedom under which most when that mission involves operation of high-performance
Navy toxicologic experimentation was (and is) done is usual- aircraft or pressurized, undersea vehicles with complex
ly astonishing to those unfamiliar with the military programs. electronic weapons systems.(6) As one thinks these out, they
In common with much of the rest of DoD research, "worst become increasingly complex. What about a fire on board an
case" scenarios are considered in experimental design. Inter- aircraft carrier conducting flight operations in a combat situa-
actions with the environment, including physiological adap- tion? Because of threat scenarios involved in conflagrations
rations, constitute an integral part of the program. Modem as well as other catastrophic exposures, rate of onset of
approaches to extrapolation, or "scale-up," were (and are) toxicity is an important concer.1 And there are more!
integral to Navy toxicology. There is a strong mission orien-

tation that can be directly attributed to the fact that the The Need for Quantitative Toxicology
program is done in a "user laboratory" which has the goal of
protecting the health of the users - Navy personnel. As part of normal program growth, and in consonance

with changing philosophies in toxicology that have been
discussed, the Navy's toxicology program became progres-

Nuclear Submarine Habitability sively more and more oriented toward the understanding of
mechanisms of action for those toxicants with which it was

When the Navy was well into the development of the concerned.
nuclear submarine, them was a very real concern for the When assessing risk, it is necessary to quantify as much
establishment of human exposure limits for chemicals when as possible. Common risk assessment procedure begins with
exposure was to be on a continuous basis. This was the first studies of effects on experimental animals. Dose-response
problem to which the resources of NTU were directed. (The data thus obtained are "scaled-up" to human scenarios.(8) In
magnitude and significance of this problem is shown by the practice, because this species-to-species extrapolation is in-
fact that some 30 years later nuclear submarine habitability exact. "safety (ignorance?) factors" are employed. The mag-
is still an important concern of the Navy Toxicology Detach- nitude of the safety factor is determined by several things,
ment.) In the realm of occupational toxicology, Threshold including severity (and reversibility) of effect whose risk is
Limit Values (TLVs, 8 hours/day for a working lifetime), being assessed, known interspecies variation, and, important-
developed by the American Conference of Governmental ly, the quality of the experimental data on which the whole
Industrial Hygienists, had been around for some time. The procedure is predicated.
nuclear submarine was the first time that it was necessary to
protect man in an occupational environment which. in effect, Physiological Factors Affecting Toxicity
brought man into equilibrium with the environment and The Navy was once faced with the need to establish a
held him thereforaprolongedpeiodoftime.Therewasonly continuous exposure limit for 1,1-dichloroethylene (vinyli-
one loading." at the beginning of the cruise and one "unload- denw chloride, VC). The need was complicated by the fact
ing." which occurred at the end. What was the relationship of that little of practical consequence could be done to alleviate
the required exposure limits to TLVs? Would it be safe to die exposure and that there was a paucity of experimental data
take existing TLVs and make a correction for exposure on VC toxicity.( 9 ) Application of appropriate safety facors
(divide by 24/8. or 3)? What was the best way of establishing ou resultiinyan operation unaptabe (and un-expourelimis? o on rellyknewtheanswrs.(4)would result in an operationally unacceptable (low) and un-

exposure limits? No one really knew the answers.(') realistic exposure limit.

h is more than just passing coincidence that the scientific Two simultaneous programs evolved. The obvious need
meeting which first addressed these major concerns was, in for appropriate experimental data was addressed immediately
fact, the first in a long series of meetings addressing the with a series of studies designed to define and quantify the
military's concern about environmental and occupational mechanistic toxicology of VC in experimental animals. Em-
toxicology. This present conference is a di•ct lineal descend- phbsis was placed on early detection of VC-induced altera-
er. tions through biochemical means.(10'12) The intent was to
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provide information on early detection of toxicity as well as The die was cast!
on thresholds of impairment and damage. After preliminary (and very amicable) meetings, it was

In addition, the extrapolation issue (with its necessarily agreed that both services would benefit by co-location and
large safety factors) had to be considered. Despite vast dif- cross-utilization. It was felt that the technical specialties of
ferences in size, there is a remarkable degree of physiological each of the services and their program goals would comple-
constancy between and among mammals.(13 ) Whatever the merit each other. It was proposed and agreed that NMRI
species, a toxic response is the result of a dose that has been would co-locate its toxicology program with the Air Force's
delivered to a site of action. The processes of uptake, absorp- program at AMRL and, in order to accomplish this, would
ion., distribution, metabolism, and elimination ae dynamic establish a detachment (which was essentially the old NTU)
ones. The size of the delivered dose is variable and is deter- at Wright--Patteron Air Force Base. Through this
mined by a variety of physical and physiological factors, mechanism, the Navy could cross-utilize a significant portion
which can be modeled. In addition to physical factors of the Air Force's cmtract and (simultaneously) continue its
(e.g., solubility, partitioning, etc.)(16) that are determinants of development of quantitative risk assessmenLt. This relation-
uptake, a variety of physiological factors (including blood ship has proved beneficial to both programs and may provide
flow and perfusion) are determinants of distribution(17) To the blueprint for other joint-service research projects and
the extent that the dose is related to these and other progrms.
physiological factors, physiological differences among
species in those parameters are an important part of the Rforenes
scale-up, or extrapolation.(") Knowledge of, and inclusion 1. S L OperanalToxicoho in t Navy. MR. Med 126.340-346
of. these factors and the development of appropriate models 0964
to test them. paired with appropriate and good quality ex- 2. Siegl J.; Jane. RA.: Lomg-Tam Cannmoua Inlsiatiao Sumdies at the
perimetal data, can, indeed, minimize the magnitude of the U.. Nval Toxicology Unit. In: A Symposim on Toxicity in the Cosed
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History of Air Force Toxicology

Vernon L. Carter, Jr., D.V.M.
Associate Dean for Research, College of Veterinary Medicine, The Ohio State University,
1900 Coffey Road, Columbus, Ohio 43210

,. The U.S. Air Force Toxicology Program traces its begin- Major Westlake's industrial hygiene surveys. From this rela-
ning to the early 1950s with the hiring of Dr. Anthony A- tively inauspicious beginning was to emerge an inhalation
Thomas. He assembled a staff consisting of a medical tech- toxicology program and one-of-a-kind supporting facility
noiogist, a pharmacologist, and a vetennary pathologist in the that would gain national recognition for excellence within the
basement of the Wright-Patterson Air Force Base Area B
hospital dispensary. Studies were initiated on the occupation- n
al toxicology of missile propellants and oxidizers. As the
program grew in productivity and importance, it was moved to Growth and Maturity of the Program
its present location In Building 79. There, four inhalation
toxicology chambers with hypobaric, continuous exposure
capability were constructed. They were named the "Thomas Medical Laboratory in 1959. It had been designated as the
Domes" after the originator of the design. These original and fundamental focal point of the new Air Force initiative en-
four additional domes served as the "backbone" for Inhalation titled Man in Space in 1958. The design of ecological systems
studies on oxygen-enriched atmospheres, the hydrazine to support extended space travel required human exposure
propellants, carbon monoxide, and a number of other com- limits for a wide range of environmental contaminants
pounds of interest to the Navy, Air Force, and the National present in space cabins. The only toxicologic data available
Aeronautics and Space Administration during the 1960s and were directed at the 8-hour/day, 40-hour/week occupational
1970&. This paper traces Air Force toxicology through the era exposure The need to extend this data bank to the 24-
of continuous inhalation exposure into inhalation carcinogen- hours/day, 7 days/week continuous exposure for extended
!city exposure and finally to the developin etof phylogically periods was obvious. The US. Navy was encountering
based, pharmacolinetic modeling, similar requirements as it examined the prolonged submer-

The Beginning gc of Naval personnel in nuclear submarines. The Naval
Medical Laboratory hosted a Symposium on Submarine and

The first documented reference to a toxicology effort in Space Medicine in 1958 as an initial thrust to address these
the Aem Medical Laboratory at Wright-Patterson Air Force problems.
Base (WPAFB) is found in 50 Years of Research on Man in Dr. Thomas recognized that a facility to perfob.a con-
Flight!" Major Edward Westlake developed an industrial tinuous exposure toxicology studies was essential to meet
hygiene program for missile bases to aem military and these needs. Because no such facility existed to fulfill these
civilian concern about the new rocket propellants' toxic needs, he set about the task of designing and constructing
properties. Surveys were conducted of potential hazards and such a facility. In 1962, the toxicology program moved from
handling procedures and preventive remedial measure were its basement quarters in the dispensary to Building 79, its
formulated. present location today. In 1964, four inhalation exposure

It is generally accepted that the beginning of the Air chambers capable of continuous, uninterrupted exposure
Force rsearch toxicology program as we know it today at under hypobaic and oxygen-enriched atnosphere became
WPAFB orginated with the hiring of Dr. Anthony A.Thomma operational. These chambers became known as the "Thomas
as a research toxicologist in 1956. He was assigned space in Domes" named after the designer, Dr. Anthony A. Thomas.
the bmmern of the WPAFB Dispensary in Area B. By 1960, This facility, which was soon expanded to a total of eight
he had assembled a staff consisting of Mildred Pinkerton, a chambers, served as the "backbone" of inhalation exposure
medical technologist; Dr. James Prine, a vetarinamy patholo- studies on the toxicology of a number of atmospheric con-
gist; ad Dr. Kennnth Back, a phrm acologist. who was ltr taminams for two deades. The final recognition of the
to ecaome a Branch Chid and a major, long-tean contributor maturity of this program came with the establishment of the
to the program. They st about the complex task of defining Toxic Hazards Division as one of the four major divisions of
the toxiology of Air Fore missile propellants and mrelad the 6570th Aerospace Medical Research Laboratories in
comIonents to respond to some of fth concern mised by 1965.
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During this period of the 1960s, studies to further define become critically important that researchers in these
the toxicology of the hydrazine missile propellants (hydra- facilities should produce data that are directly com-
zine, monomethylhydrazine, and 1,2-dimethylhydrazine), parsble This would prevent unnecessary or costly
borane fuels, inorganic fluorine oxidizing agents, and organic duplication of experiments and loss of valuable biologi-
nitrogen fluorine-containing compounds were intensified. A cal lead time. Although everyone abhors 'stand-
number of 90-day, continuous inhalation studies were corn- ardization' in research and finds it stifling of initiative,
pleted. In addition to the inhalation pathotoxicology of these inevitably methodology must be standardized in the
compounds, studies on the biochemical mechanism of action sense that only acceptable methods that can furnish
and possible therapeutic intervention of toxic exposures were reproducible and meaningful information should be
instituted. Studies on the cardiovascular and behavioral ef- used. Thus, the setting of a sort of minimum criteria for
fects to crew members of halogenated fire extinguishing research methodology becomes, in fact, a sort ofquality
agents were undertaken because of their projected use in both control procedure, a highly desirable situation in any
aircraft and spacecraft cabins. Short-term inhalation exposure research endeavor.
studies to develop Eimergency Exposure Limits for Air Force "Obviously, this meeting was not intended in any
personnel working in critical operational environments were way to become a symposium. The issues at hand re-
performed. Improved analytical methods for detection of quired a very practical approach to many matters of
these compounds in the operational environment were technical detail, and the guiding thought was one of
developed. tade-off between optimum experimental design and

The problem of long-term, continuous exposure to minimum requirements for comparability of data. To
oxygen-enriched atmospheres was confronted. Inhalation provide timely and useful toxicological information to
studies at 100% oxygen at reduced atmospheric pressure the design engineers one must also compromise some
corresponding to the early spacecraft cabin conditions wenr of the goals which the ultimate perfectionist seeks.
undertaken. Morphometric methodology to evaluate quan- This compromise then is necessitated by two crucial
titatively the degree of pulmonary membrane thickening and overriding factors, available time and money.
characteristic of oxygen toxicity was developed and utilized Therefore, we felt that a conference which provided a
in these studies. The alteration of the toxic response of atmos- workshop atmosphere was much more desirable than
pheric contaminant in the presence of increased oxygen would be the highly academic approach of a formal
concentrations was evaluated. A critical evaluation of con- symposium.
tinuous exposure to the ever present, atmospheric con- "We sincerely hope as experience grows and as
taminant carbon monoxide was completed. Included in these research data accumulate that there will be a gradual
studies was a study to clarify the effect of carbon monoxide tendency in this series of conferences toward the
on normal sleep patterns. The renal toxicity from inhalation makings of a real symposium. Meanwhile, I must take
exposure to saturated concentrations of ethylene glycol was the blame for arranging the technical program for this
determined for the National Aeronautics and Space Ad- very first conference."
ministration (NASA). This was necessitatedby the possibility The hopes of the author of this introduction, Dr. Anthony A.
of a leak of this coolant into the spacaft cabin. Thomas, then the Director of the Toxic Hazards Division,

During this exciting time, another significant develop- were certainly fulfilled as seen by the successful annual
meit occrred. The need for a forum to review progress conferences held thereafter.
critically and to exchange information in the rapidly expand-
ing aea of atmospheric contaminants in confined spaces The Response to Regulatory Pressure
became evident In 1965. a Conference on Atmospheric Con- With extended space flight a successful reality, the 1970s
tamnination in Confined Spaces, sponsored by the Air Forme,was held in Daytmon Ohio. It b p eto quote from the brought otheprleassues to bear on the Air Force Toxicology

Program. The need for data to establish permissible exposure
"Introduction" to the Proceedin;= ; 'of this conference: limits for chemicals in the workplace became pressing. The

"As our research methods and techniques in toxicol- hazards associated with exposure to chemicals with car-
ogy progressed to the point where truly uninterrupted, cinogeric potential became an overriding issue. The close
long-tem continuous exposures became feasible, structural relationship of the hydrazine propellants to the
many new technical difficulties were discovered, and carcinogenic nitrosamines necessitated definitive data to
the costliness of this work became apparent. The need determine the hazard associated with the continued use of
for a scientific meeting dedicated primarily to research these propellants. Six-month to one-year expoures of mice,
problems in toxicology became increasingly urgent. rats, hamsteri, and dogs to graded concentrations of
Because the number of facilities available to conduct hydrazine, unsymmetrical dimethylhydrazine, and mono-
such work is limited in the free world, it has also methylhydrazine were conducted. The complete histological
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work-up involved the evaluation of over 300,000 tissues distribution of chemical substances. The widespread accep-
according to a protocol designed by the National Cancer tance of this methodology by the scientific community for use
Institute. Both national and international corporations in- in hazard estimation and risk assessment once again focused
volved in the manufacture and use of these compounds the attention on the Toxic Hazards Division as a leader in
provided support for these studies. innovative concepts for toxicologic research. The laboratory

Legislative, ntandated Environmental Impact Assess- has also embarked on a program of developing and evaluating
ments and Statements focused on the need for data to deter- isolated cell systems for use in their research program. This
mine the effect of Air Force operations on the environment, is not, as some may perceive, a result of animal rights pressure
A major study on the effect of Space Shuttle exhaust products but is part of an ongoing effort in the thirty or mom years that
on the flora and fauna in the vicinity of Vandenberg Air Force this program has been in existence to provide the very best in
Base was undertaken. Test batteries fordeterminingthe effect scientific methodology to allow chemicals to be used with
of chemicals on water quality were established. The program
responded to the presence of women on the flight-line by inium adverse effects on employee, community, and en-
adding the evaluation of chemicals on the unborn fetus to its vironmental health.

capabilities. With a contingent of the Army moving to Dayton to take
The Navy Medical Research Institute established a part in the program, all three services are now active par-

toxicology detachment at WPAFB in 1976. Joint Navy/Air ticipants. I have heard Dr. Thomas and Dr. Back discuss many
Force toxicology studies onjet fuels and hydraulic fluids were times the desirability of a "Purple Suit"* toxicology program
initiated. These included studies on proposed alternate fuels that is Department of Defensewide, that would address the
derived from such sources as oil shale. problems of all services because of their similar needs and

requirements. One can only wonder if this may indeed be-
Program Transition come a reality.

The rapid growth of toxicology as a discipline during the
1960s and 1970s had produced extensive data on the toxicity *TPwple Suit" is a tern coined to denote a militay component composed of
of chemicals using animal models. There was growing on- merabens of the U.S. Navy, Army, and Air Fonme but amwenng to no single

cern among toxicologists about the methodology used to MVW - A tri-SwvicM Unt.

extrapolate animal data to human exposure limits. Under the
direction of Dr. Melvin Andersen, the toxicology program RefeMrncos
initiated a major effort in physiologically based phar- I. Dempsey. CA.: 50 Yeas of Research on Man in Flight. pp. 68.
macokinetic modeling. This methodology provides a more Aspm Medical Resei Lba yaor. Wngt-Pannm AFB. OH(1985).
exact estimate of the relationship between external and inter- 2. Fim Conference on Aunmopheic Contmmiadon n Confined Spaces-
nal dose allowing for species differences in metabolism and PwedinofCofdae c=.AMRL-TR-65-230.Daytmn.OH(1965).



Luncheon Address

The Risk of Risk Assessment

Henry Falk
Director, Division of Environmental Hazanrdous and Health Effects, Centers for Disease Control, Atlanta, Georg

Dr. Falk Is the Director of the Division of Environmental it as such. The important point is why do we recognize it as
Hazardous and Health Effects at the Center for Disease such. We have an experiential base which says to us tha this
Control. He is noted for his work in sveral m dealing with is an extreme estimate. We all have lived through rainfalls;
risk assessment, spcifically sideriologic studis and we know that 45 inches is an incredible amount for a single
monitoring populations. examnng isse of public health and day. We know that what may be true for Alvin, Texas, is not
impacts, and dealing with health effects in populations where
thwer is a public health problem throughout Ith United States. trie for the staye of Nevada. We know that what might
Most recently, Dr. Falk has been involved with a study on lead happen in one day is not going o last for a whole year. We
toxicity in sensitive populations in collboration with re- have some base of knowledge that tells us that tis is a very
searchers at the National Academy of Sciences. interesting calculation, but it is irrelevant and off by several

aimers of magnitude.
I approached this address with some trepidation. I am John Bailar said none of us have the answers at low

actually her speaking for Dr. Vernon Houk of the Center for doses. That is tue, but I think the point really is to look at the
En0vironmetal Health and Injury Control at the Centers for data. We need to pull together whatever experience and
Disease Control (CDC) who was originally invited and scientific judgement base we have. We need to look at the
agreed to give the luncheon address. Unfortunately, he could overall experience, we need to evaluate it, and we need to
not be hem in perso. examine the arrived at numbers. Do the numbers fit or not

with what we know, and how are we going to use thatoru those of you who do not know Dr. Houk, he is a information in terms of practical public health experience?
rugged individualist, who has ve I s trongly held va pacr To a certain extent, as Dale Hattis said. we can calculate the
ftcularly in the aria of nik• assessment " I talnchar uncertainty. The data about rainfall is voluminous, and we
for him to discuss the "Risk of Risk Assessent" at a p y'p - could calculate the uncertainties in that example to see just
posium on risk assesment. My plon is to present his lrepared how far off we arem However, there are many areas where we
talk as closely as I cl , although am r s re it wil lose a gret do not have the data to actually do calculations; consequently,
deal of zest and flavor in my presenting t. we must rely on the broad base of knowledge that we have

By way of inroduction, a key issue in relation to the title, for the ar.
"The Risk of Risk Assessment," is "so what is the altema- When this knowledge base is examined, interesting
tiver Dr. Houk is very suppo;ive of the approach and he things happen. Dr. Gold mentioned that there is an incredible
consides it a very impotanm tool This is not the issue. From difference between how we deal with risk assessment num-
a public health point of view, the concern is the uncritical use ben in the environmental and occupational worlds. For ex-
of risk assessment numbers, the likelihood that we will act ample, a number of years ago, we were involved in the
upon who we really very uncertain numbers a if they were evaluation of a landfill where methane gas and vinyl chloride
revealed auths. The "Risk of Risk Assessment" is in a sense monomer were dissecting underground to offsite locations
a cautionary tale, exemplid by Dr. Houk in what is about and coming up pipes into people's bathrooms. The methane
as far-fetch and extme an exanple of a risk assessment level was high enough to present a risk of explosion, which
as ym aught come across. Dr. Houk stated that the averag would have been reson enough to evacuate the homes af-
annual rainfall in the United Sts is 16 thousn inche per fected. The health department, however, concentrated its
yer. He bed examined the mos sensitive population which efforts on the vinyl chloride monomer because it was a
was Alvin. Texas, ua usy ied 45 inches of rain in a single carcinogen. They measured vinyl chloride levels of approx-
day a yew or so alm He apled the Alvin, Texas, figure imately 30 or40 ppb in air collected under the bathroom sink.
nonaslly and then exurapoluood that to a whole yea. The Now, having done arisk assessment, these proportions turned
flgws showed the coaclymic rainfall for the entr county. out to be enough of a carcinogenic risk that there was some
Obviously. this is a sorious error aid anyone would recognize serious talk about possibly moving people out of their homes
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short term because of the carcinogenic risk. These concentra- As currently done, the final product of risk assessrent
tions are about 1/30 of the occupational level at which we say may often produce numbers that have the illusion of
it is safe to work for a lifetime, even if that is 50 or 60 years. precision; in fact, the process involves many uncertainties.
The juxtaposition of the two (whether you are a public health The risk assessment includes judgmental decisions, and each
practitioner or just a member of the public) is incredible, that decision is usually made on the conservative side. The end
within the same world and in the same community one could result is a product with many conservative judgments and is,
think of telling workers that these levels are fine and safe for therefore, an estimate of risk that provides maximum protec-
the rest of their careers, but telling people in the general tion to the public health. The risk manager or decision-maker
population that they have to move out of their houses because must understand the uncertainties that underlie these assess-
they are "sensitive iindividuals." ments. John Bailar used the word "conservative" and jux-

This is where the risk of risk assessment comes in. The taposed it with the word"liberal." Dr. Houk uses conservative
issue is there are many uncertainties. We cannot just apply a and juxtaposes it with the word radical. Now, why does he do
model, provide an answer, and have everyone go about their that? When I started my career at the Centers for Disease
business. We need to examine the hypothesis and the situa- Control, we were investigating vinyl chloride-induced an-
tion; we need to know how to apply this, and even though we giosarcomas of the liver. I saw the very first cases at the
have numbers and answers, we need to understand what to do particular chemical polymerization plant where they were
with them. The process of risk assessment is somewhere found. This led to emergency evaluations by the National
between an art and a science. Dr. Houk's analogy is that of Institute for Occupational Safety and Health and the Occupa-
individuals and their stock brokers. One would prefer to have tional Safety and Health Administration. This resulted in a
a stock broker who has a great amount of financial data, who quick reduction of the allowable dose in an emergency stand-
knows how to deal with all the macroeconomic and company ard. There was a great concern that this industry would not
data, and who can give you a very detailed answer about what survive; however, it did.
to do. On the other hand, there anm not many of us who would It can be said that the standards will drive the technology,
believe that the broker's answer is necessarily 100% correct. and people will react if the product is importanL Americans
We have to use the information as best we can and recognize and others will figure out new ways to make products. On the
the limitations, other hand, this is a different world than it was in 1973 and

The risk assessment process is distinct from the risk 1974. We now face large remediation expenditures based on
nagement process. Risk mnagement is the process of risk assessment decisions, for example, the Superfund with

integrating the risk assessment results with a variety of other its billions of dollars and the staggering amounts needed to
information (e.g., engineering data, socioeconomic and clean up various sites at the Department of Defense, Depart-
political concerns, and such), weighing the alternatives, and ment of Energy, and so on. At some point, the government's
selecting the most appropriate health action, ranging from money will run out. It is not inappropriate at this stage of our
public education to interdiction orso on. I worry that, at times, country's life to think about weighing the alternatives for how
the risk assessment process bends a bit towards the money is spenL Money spent on cleanup driven by the risk
numagement process. For example, when one examines how assessment process may not be available for other public
different agencies conduct this process in different settings health uses. If a billion dollars is spent cleaning up mining
(eg,. environmenta-occupational), I wonder whether the areas in Idaho and Montana, that money may not be available
ways in which we do the risk assessment, in a sense, anticipate for preventing millions of cases of lead poisoning in Boston,
the environment in which it is done and the way in which it New York, Chicago, and elsewhere. These tradeoffs will be
will be used. very real from the public health point of view. We need to

From a public health perspective, and looking at this examine the costs that are driven by the risk assessrmet
practically, there ar various aspects of the process. We process, and weneedtodevelop alternative ways of using risk
identify the hazards that pose risk to public health and well-
being, and we need to manage the risks associated with the
hazards prudently and in accord with the public's need. Ther Risk assessors should clearly define the differences be-
an a variety of factors that impinge upon us. We need to tween the elements that go into the process such as scientific
acknowledge the public's participation; that is essential. We fact, consensus assumption, and science policy. The defini-

need to communicate the risk succinctly to both experts and tion of science policy is the Agency's decision on how to
laypersons. We need to use information that mak•es it possible handle controversial issues. As one goes down this list, the
to arrive at an informed estimate of risk. In managing each degree of certainty decreases and in most instances, scientific

aiS .gmnt risk, we need to consider alternative actions for fact, the element with the most certainty, is the least available

coanoiling the hazalrs, and we need to advance die risk to Us.

mesiment aid risk management process by research to pro- The following are nine commonly used concensus as-
vide information that reduces uncerminty. mptiom:
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1. When human dat awe not adequate, adverse fects in response?
experimental animals we regardedas indicative of adverse • Have they been replicated in a variety of settings?
effect in human. - Do they exhibit a dose-response relationship?2. R e ut obtained w ith de o w-re spo nse m ode ls can be ex- A r th y ox c l g aly p us b e
trapolated outside the range of experimental observations * Are they toxicologically plausible?
to yield estimates or estimated upper bounds of low-dose Similarly, when looking at animal experimentation, are the
risk results replicated in more than one experimental setting,

3. When an appropriate standardized dosage scale is used, specis, strain, or, when appropriate, gender or sex? Do they
the observed expermental results can be extrapolated exhibit a dose-response relationship? Are they based on a
acros species. dosing regimen or route of exposure similar to that likely to

4. There is no threshold for the production of cancer, but be encountered by humans? Is the test animal employed in
threshold effects may apply for other toxicological out- the experiment known to or likely to process (i.e., absorb,
comes. metabolize, excrete) the test chemical in the same or similar

5. When dose rates are not constant, average doses give a manner as humans.?
reasonable measure of exposure. In many instances, we find situations where the results

6. In the absence of pharmacokinctic data, the effect or target of a risk assessment may not be plausible based on what we
dose is assumed to be proportional to the administered know about the world. Dr. Houk is concerned about, for
dose. example, trichloroethylene and perchloroethylene, and the

7. Risks from many exposures and from many sources of differences between the experimental and epidemiological
exposure to the same chemical are usually assumed to be data. One example that I came across was when I was working
additive, on vinyl chloride. Most of the 100 plus cases of vinyl

8. In the absence of evidence to the contray and regardless chloride-induced angiosarcoma of the liver that were ever
of the route of exposure, 100% absorption across species identified were in workers. To determine if there was the
is assumed. possibility of neighborhood cases, I collected all the cases that

could be found in the whole country for an I l-year period to9. Results associated with a specific route of exposure are
see whether these diagnosed individuals lived near the boun-daries of chemical production facilities. Very few to almost

These assumptions are used and ultimately need to be none were found, but that was in the years 1964 to 1974. With
validated. We cannot go on forever calling them conservative a 50- or 60-year latency, and it may take that long for the
maumptions because, ultimately, we have to live with them neighborhood cases to occur, there still might be some oc-
for a long time. We must strive to learn how far and in what curences. If someone actually went to look for them, cases
direction these assumptions differ from the truth. This a very might be found. Because this is a very rare disease, it is
critical pert of future needs. Any risk assessment deals with actually possible to find the bulk of cases in the country. There
many more asumption and uncertainties than the nine listed, have been risk assessments that look at vinyl chloride. They
and this must be emphasized as much a possible. look at vinyl chloride-induced ca in the general population

Another critical area is the evaluation of the scientific on a risk assessment basis and come up with calculations of
study, whether it is epidemiologic or toxicologic. In working 1 in 10,000 risk to people living near chemical production
with risk assessment, one must bear in mind the quality of the facilities. This is an issue that can be studied. I think it is
scientific study, ie., the adequacy and appropriateness of the important to the extent possible to actually apply real-world
experimental design; the quality, competency, and complete knowledge, epidemniologic studies, studies of humans, to
nes with which the study was carried out and reported; and these kinds of issues to try to answer them.
the quality of the evaluation and interpretation of the test One of the risks of risk assessment is that the public has
results. When addressing the caliber of the evaluation and difficulty dealing with some of the numbers They must be
interpretation of results from epidemiologic studies, the helped to understand the difference between upper bounds
reliability of the data would be increased given the following and estimates; they must understand the difference between
factms: lifetime risks and annual risks. I am not sure the general

"Are the arrived at results from weil-designed and wel- population underands that a one in a million risk applied to
exeuted cae-control and cohort stud=• that are free a group of 30 people has a different connotation than whenof b c o l applied to the entire country, and I think we have to live with

these kinds of basic understandings. It is interesting to ex-
"* Do the results display a strong association, not likely amine the things that relate to one in a million risk: 3/4 of a

due to chance variation? cigarette, 0.5 liter of wine, 0.5 minutes of rock climbing. 40
"* Do they follow a logical, temporal sequence of exposure tablespoons of peanut butter, living for I day at age 12, many
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years of living with dioxins in soil at some level that com- validation of the assumptions used in risk assessment ap-
monly occurs, and so on. proaches; and 3) encourage the development of exposure

In conclusion, I would like to make some recommenda- assessment and dose-response assessment aimed at dealing
tions for research in the three areas of general toxicology, with the prediction of risk from human exposure to many
estimating and projecting risk, and epidemioloSy. First, I chemicals by many media roates at varying levels.
would suggest five proposals in the area of general toxicol- Suggestions for epidemiology include: 1) encourage
ogy: 1) enhance research on the interaction between toxic epidemiologic studies aimed at testing the accuracy of risk
chemicals and genetically susceptible hosts; 2) enhance the projections derived from animal data and modeling; 2) ensure
development and improvement of in vitro and in vivo predic- that exposure and disease registries are established when they

yive toxicology systems; 3) enhance the development and are scientifically justified and helpful in terms of epidemio-
improvement of biomarkers as early indices of exposure and logic studies; 3) encourage epidemiologic studies that incor-
as early diagnostic sentinels with specificity in prmicting rare biochemical and 'nolecular probes to clarify
health outcomes of individuals; 4) encourage experimental eposra . preicu a and mechariprof ationcland
research clarifying the relationship of animal variables suc. 4 expos'e, precursor states, and mechanisms of actions; and
as weight and dietary composition on the molecular basis of 4) encourage epidemiologic studies that evaluate interactions
toxicologic end points; and 5) encourage the ,development of between toxic chemicals, life styles, and host susceptibility.
interspecies comparison in toxicologic research to better un- We need to continue to use risk assessment. In the
derstand and better predict qualitative and quantitative dif- absence of more certain data, risk assessment is all we have,
ferences in the response to toxic chemicals. and just as it should not be der,,;.rated as not helpful because

Suggestions with regard to estimating and projecting risk of its inevitable limitations, neither should it be oversold as a
include: 1) encourage the development and validation, when panacea. We must apply risk assessment with the soundest
possible, of mechanistically based mathematical models par- professional and scientific judgment available in order to
ticularly for noncancer health outcomes; 2) encourage the shape public policy that is scientifically defensible.
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1. ASSESSING RISK OF RELATED CHEMICALS: CURRENT REGULATORY
PRACTICE AND ADDITIONAL OPTIONS

Rusha M. Putzrath, Duncan Turnbull

Environ Corp., 4350 N. Fairfax Dr., Arlington, VA 22203

Risk assessment of chemicals relies on an assessment of the toxic effects that may occur as well as the
doses at which such effects may occur (Le., the potency). Closely related chemicals are often assumed
to have similar toxic effects but with differing potencies. If data were available for all endpoints for all
chemicals within a family, decisions would be simple. In the absence of data, however, regulatory
practice has differed. For example, different congeners of polyclhlorinated dibenzo-p-dioxins (PCDDs)
are assigned different carcinogenic potencies based on results from a combination of cancer bioassays
and short-term tests. Relying solely on short-term tests, the information on PCDDs has been
extrapolted to polychlorinated dibensofrans. In contrast, even though several mixtures of
polychlorinated biphenyls (PCBs) have been examined in cancer bioassays with differing results, the
Environmental Protection Agency (EPA) currently assumes all PCB mixtures are of equivalent
potency. Although a third family of chemicals, the chlorinated ethenes, includes a human carcinogen
(vinyl chloride), not all of the members of this family ar treated as carcinogens by EPA (e.g., franm-
1,2-dichloroethene). The implications for risk assessment of these divergent approaches to families of
chemicals will be preueniai, along with conideration of alternatives for the relative potency of
various mixtures of PCBs.
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2. DEMOGRAPHIC CHARACTERISTICS AND CAREER EXPOSURE PROFILES OF
ARMY SOLDIERS

David L Pnrmer, Joseph T. Allen, John Y. Young

U.S. Army Biomedical Research and Development Laboratory, Fort Detrick, Frederick, MD 21702-
5010

Army personnel have career assignments and individual job duties that follow certain predictable
patterns. These assignments and job duties expose soldiers to hazardous chemicals that are clearly
different than exposure profiles that exist in civilian industry. Soldiers remain in the working aspects
of their military occupational specialty (MOS) for approximately 15 years before being promoted into
positions with duties that are mainly administrative. Career assignment patterns during this 15-year
period have been identified. Within each assignment, regular rotations between field exercises and
garrison administrative, maintenance, and training periods occur. Differences between assignments
are mainly associated with rank. Because these career assignment patterns are somewhat
predictable, periods of potential exposure can be reliably estimated. Studies of exposures to chemicals
in the field workplace can be extrapolated into these periods of potential exposure and used to derive
career exposure estimates. Demographic profiles have also been developed that allow an examination
of age, rank, time in service, sex, and race structure for each MOS. This type of information is useful
for developing information on susceptible subpopulations which can be applied to risk estimates or
military-unique standards. The U.S. Army Biochemical Research and Development Laboratory has
developed preliminary career exposure profiles and demographics for Armored Vehicle Crewmen and
Smoke Generator Operators to illustrate the nature of data available for these MOSs.

A42



3. ECOLOGICAL RISK ASSESSMENT AT ABERDEEN PROVING GROUND,
MARYLAND

Judi L Durda, Barbara Turnham

Clement International Corp., 9300 Lee Highway, Fairfax, VA 22031

Potential ecological impacts associated with past chemical agent testing, munitions testing, and waste
disposal are being evaluated for eight solid waste management units (SWMUs) at Aberdeen Proving
Ground (APG) in Maryland. Aberdeen Proving Ground consists of approximately 80,000 acres of
Coastal plain uplands, wetlands, and estuary on the upper Chesapeake Bay. The site supports diverse
terrestri wildlife populations, including large breeding and over-wintering populations of the
federally endangered bald eagle. In addition, the waters surrounding APG provide critical spawning
and nursery habitat for approximately 40 of the 50 fish species that occur in the upper Bay as eggs or
larvae. The primary focus of the ecological assessment is potential impacts to the fishery, although
the potential impacts in terrestrial species also will be evaluated. Population-level impacts in selected
aquatic species will be assessed using matrix-type population models and estimates of age-specific
fecundity and mortality. Species to be evaluated will be selected based on considerations of life history
and the spatial and temporal distribution of the various species relative to the SWMU locations.
Toxicity data ranging from life-cycle tests to quantitative structure-ctivity relationships will be used
in the assessment. The results of the risk assessment will be used to identify those areas where
f-ther study is needed.
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4. ORDNANCE CHEMICAL DEGRADATION PRODUCTS: CONSEQUENCES OF
EXCLUSION FROM RISK ASSESSMENTS

Barbara Turuham, Judi L. Durda

Clement International Corp., 9300 Lee Highway, Fairfax, VA 22031

For a variety of reasons, including resource and analytical limitations and availability of toxicity
Information, ordnance chemical degradation products often are not evaluated as part of remedial
invstigation studies. However, failure to include such chemicals in these studies contributes to
uncertainties and may result in under-estimation of exposures and risk.

Degradation products and their parent compounds are compared with respect to their fate, transport
charsaceristics, and toxicity. Solubility and half-life are used as crude measures of mobility and
persistence. LD50 values are used as general measures of toxicity due to the paucity of chronic toxicity
data for the les well studied breakdown products. Parent compounds and breakdown products that
exhibit significantly different fate, transport, and toxicity characteritcs are identified. Based on this
information, the consequences of excluding degraation products from the risk assessment are
discussed qualitatively. This information may be useful in designing remedial sampling plans that
address degradation products that may contribute significantly to exposures and risk.
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L. A RISK-BASED PROGRAM FOR SCREENING CONTAMINATION LEVELS AT
HAZARDOUS WASTE SITES

M. Stafford, C.A. Pickrol

Metcalf& Eddy. Inc., 2800 Corporate Exchange Drive, Suits 250, Columbus, OH 43231

A computer program is presented which allows initial screening of contaminant levels at a hazardous
waste site to decide when further, more detailed health risk analysis is required. Standard
assumptions, recommended by the U.S. EPA for use in health risk assessments, are used to compute
screening concentrations in air, soil, ground water, and surface water.

This program allows for prioritization of contaminant data at hazardous waste sites so that chemicals
that require additional analyses for health risks can be separated from chemicals that do not require
further study. The approach could be used to decide which analytical techniques are necessary
(Le., whether or not expensive, low-detection level methods are justified).

Screening concentrations are computed based on standard risk assessment relationships and
assumptions, rather than detection above background. The program computes both short- and !ong-
term exposures from all likely pathways for each contaminant and reports the lowest screening leveis
for any pathway. In addition, a safety factor is introduced in the program to account for the additive
exposures from different pathways and contaminants. The default value of the safety factor is 100,
which means that screening levels should result in exposures of les than one percent of accepted
values. The safety factor is variable to account for site-specific conditions.

The calculation methods and assumptions built into the program are described, as well as uses and
limitations of the approach. A sample case study is provided.
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S6 RISK ASSESSMENT OF MUNITIONS CHEMICALS TO DEVELOP DRINKING
WATER HERALTH ADVISORIES

Welford C. Roberts, Krishan Khanna, Edward V. Ohanian

Office of Drinking Water, U.S. EPA, 401 M Street, S.W., Washington, DC 20460

The U.S. Army and the U.S. Environmental Protection Agency (EPA) established a Memorandum of
Understanding to cooperate in developing Health Advisories (HA) on munitions chemicals that may
occur in drinking water. Health Advisories, developed by the Offce of Drinking Water, describe
nonregulatory concentrations of drinking water contaminants at which adverse health effects are not
anticipated to occur over specific exposure durations. They provide informal technical guidance that
assistspublic health offcials when contaminations occur.

Health Advisories are developed for One-day, Ten-day, Longer-term (7 years or 10% lifetime) and
Lifetime exposures based on nonccnogno ic toxicity. A threshold doe-response relationship is
asumed

Lifetime HAs are not reommeded for known or probable human carcinogens. A potency value (unit
risk) may be used to calculate risk for a lifetime exposure to carcinogens in drinking water. The unit
risk usually is derived from the linearized multistage model with 95% upper confidence limits and
provide@ an approximation ofcance risk that may exist. The value is only an estimate beamuse cancer
risk can vary by orders of nanitude when other models (e.g., the One-hit, Weibull, Logit and Probit
models) ar employed. Current understanding of carcinogenic mechanisms do not suggest that any
one model can predict risk more accurately than another.

Published Lifetime HAs (micrograms per liter [pgWLD include:
Nitroglycerin (MpgL), Nitrocellulose (not toxic),
Trinitrotoluene (2 pIL), RDX (2 Pe•L), HMX (400 pgiL), and
Disopropylmethyl phoephonate (600 pgIL).
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7. A RISK-BASED METHOD FOR SETTING SOIL CLEANUP LEVELS AT
HAZARDOUS WASTE SITES

John Haasbeek, Andrew Huggins

Environmental Resources Management, Inc., 855 Springdale Dr., Exton, PA 19341

Cleanup of hazardous waste sites is often driven by remediation of contaminated soils. This is true
both for protecting human health and the environment, as well as in terms of the total remedial cost.
Soil remediation often accounts for a substantial portion of the total cleanup coat. It is vital that
rational methods are used to evaluate alternatives for soil remediation to ensure adequate protection
dpublic health while avoiding unnecessary costs.

This paper presents a method for evaluating the residual risk presented by chemicals left in soils at
hazardous waste sites. The approach focuses on exposure to humans via domestic use of contaminated
ground water. Although analytical equations are presented for each fate and transport component of
the exposure pathway, the conceptual approach is amenable to the insertion of any specific fate and
transport model, including sophisticated numerical studies of chemical transport.

A recent case study is discussed where the approach presented was used to back-calculate acceptable
soil concentrations for 26 organic chemicals at a Superfund site in Pennsylvania. Although back-
calculation is useful for setting initial cleanup goals, the method is unable to account for the specific
performance of the remedial alternative chosen. Therefore, a forward assessment of residual site risks
should be performed for evaluating the final attainment of cleanup ob-ectives.
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8 UNCERTAINTIES IN RISK ASSESSMENT: USES IN RISK MANAGEMELI f AND
RESEARCH PRIORITIES

Stephen L. Brown

Environ Corp., 4350 N. Fairfax Dr., Suite 300, Arlington, VA 22203

A graphical display of uncertainties in cancer risk assessment has been developed that shows variouscombinations of maximum Individual risk and population risk (incidence) in terms of subjectively
determined probabilities that they are nearest to being true." Each estimate is derived by combining
estimates of cacer potency, maximum exposure, average exposure, and number ofpeople exposed.
A criterion band that shows combinations of maximum individual risk and population risk that are
"acceptable can be plotted on the same axes. Visual inspection then suggests whether the risk
situation portrayed is reasonably judged to be msafew (implying that no action needs to be taken),
unsafe- (meaning that controls should be imposed without further invesAtlation), or "indeternmite"

(meaning that f-urther risk ction is desirable before a risk management decision is
finalized). The patterns also may be examined to decide which aspect(s) of the risk estimates
contribute most to uncertainty in risk management and are therefore leading candidates for further
reserch

A-$



RISK ASSESSMENT USING STATISTICAL ESTIMATES OF KEY PROCESS AND
POPULATION EXPOSURES IN THE SERVICE AREA OF AN AMERICAN ARMY
MEDICAL CENTER IN THE FEDERAL REPUBLIC OF GERMANY

Mark Geiger

M.B.G. Occupatlonal/Environmental Associates, Inc., 885 Post Road, Brookfield, WI 53005

Quantification of personnel exposures in a large group of military installations served by a U.S. Army
medical center in West Germany was initiated following a preliminary survey of worksites by
technician-level staff. Severe limitations on professional staff, necessitated development of an
approach in which c and *worst case" operations were evaluated initially. Data was
pooled to estimate the expoeure of specific processes and by inference the range of exposures of larger
populations. Several critical processes and operations were identified as accounting for a high
proportion (approximately 60%) of the chemical agent exposures. This data indicates the most severe
exposures are to heavy metals generated in abrasive paint removal and welding operations.
Deficiencies in available engineering control measures and protective equipment were common and
tended to be similar throughout various workplaces. In this situation, a program-wide approach is
strongly recommended to correct the occupational exposures based upon the group of worksites as a
whole rather than on an individual basis.
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10. UNCERTAINTY IN ESTIMATING EXPOSURES TO HAZARDOUS CHEMICALS
FROM WASTEWATER TREATMENT LAGOONS FORMERLY USED FOR
DISPOSAL OF HAZARDOUS WASTE

LI. Hims., ILE. Jennings

Radian Corp., P.O. Box 2010dS, Austin, TX 78720. 1088

The quality o a huran heath risk assessment is tied to the data on which it is based. Specific data
needs for a quantitative risk assessment include: identification of the contaminants present at the
site, ace rate quantitative ch-ntterization of the nature and extent of contamination, identification
of exposure points at which contact with the contaminants may occur, information regarding the
r.quency and magnitude of contact, the adverse health effects produced by each contaminant, and

identification of the population(s) exposed. Current guidance available from the Environmental
Protection Agency (EPA) assumes all these data will be available.

Risk assessments for the Department of Defense present special challenges because some of these
needs may not be met to the extent required by EPA guidance. The authors recently completed a
quantitative risk assessment in which the extent of contamination was not fully characterized for all
environmental media known or reasonably suspected to be contaminated. A series of modeling steps
was required to estimate the concentrations of contaminants in all media. The use of a series of models
probably -overestimated the extent of contamination. The resulting estimates of carcinogenic and
non cnoge risk were in excess of levels generally considered acceptable. Because the wtrue*
extent of contamination is unknown, it is not possible to estimate the contribution of multiple
modeling to the excess risk identified. The presentation will demonstrate how each successive
modeling step introduced additional conservasm into the risk assessment; the impact of multiple
modelin will bo ssessd qualitatively by examining the effects on different exposure routes.

A-10



11. INHALATION OF VOLATILE CHEMICALS FROM RESIDENTIAL USE OF
CONTAMINATED WATER

Sandra A. Smith, Ravinder Joseph, E. Jan. Hixson

Radian Corporation, P.O. Box 201088, Austin, TX 78720-1088

Indoor emissions may occur as a result of volatilization of chemicals indoors during use of
contamnated water (e.g., while showering). Based on air-water partition coefficients and ventilation
equations, it can be predicted that indoor use of water contaminated with volatile compounds will pose
as great or greater health risk to residents as drinking 2 Idday (standard drinking water ingestion
rate) of the same water. Indoor air sampling data supports the potential significance of inhalation
exposure to contaminants in the water supply. Despite this potential, available guidance on how to
quantify exposure to chemicals that volatilize from the water during home use is sketchy.

For the baseline risk assessment of a site involving contaminated ground water, the authors devised a
methodology to quantify inhalation exposure while showering, operating a dishwasher, and operating
a washing mceine. The methodology involves assumptions and algorithms to estimate:
(1) con Lrede ions of chemicals in the breathing zone as a result of these activities; and (2) inhalation
intake by potentially exposed individuals. Necessary assumptions included answering questions such
as: what is Lhe air exchange rate in a *typical" bathroom?; what is the water-flow rate from the
"typical* shower?; how long is the cycle time of a "typical* dishwasher and washing machine?; and how
much time does a person spend unloading the dishwasher and washing machine? A set of data used to
answer these and other questions will be presented and the resulting contribution of inhalation
exposures in thw home will be discussed
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IL HUPATIC MODELS IN RISK ASSESSMENT

Peter J. Robinson

The Procter and Gamble Company, Human and Environmental Safety Division, Miami Valley
Laboratories, P.O. Box 398707, Cincinnati, OH 45237-8707

By incorporating relevant physiological and biochemical parameters into different mathematical
structures, different physiologically based pharmacokinetic, or PBPK models may lead to different
predictions in risk assessment. In the search for accuracy and predictive power, PBPK models have
developed In complexity from compartmental models to homogeneous capillary models (in which all
capillaries are assumed functionally identical), to heterogeneous capillary models (in which there are
statistical distributions of pharmacokinetically relevant properties such as capillary flows or enzyme
contents).

In the liver, this progression is illustrated by the venous equilibration (v.e.) model, the undistributed
sinusoidal perfusion (u.s.p.) model, and the distributed sinusoidal perfusion (d.s.p.) model. Although
these models may fit specific data sets equally well (as measured for example, by least squares), they
may predict quite different values for certain common pharmacokinetic parameters (such as the
Michaeli3 constant Kin). Because they are often used to extrapolate far beyond the ranges in which
they are tested experimentally, the models may lead to quite different assessments of risk. It is
therefore important to test the models by specific experiments designed to discriminate between them.
For example, Keiding & Chiarantini, J. Pharmacol. Rzp. Ther. 205, 465, 1978, refuted the v.e. model
by flow change experiments in rat livers, whereas the uts.p. model was refuted in favor of the d.s.p.
model in pig livers by Bass & Robinson, Microose. Res. 22, 43, 1981. So far, the dLs.p. model has not
been experimentally refuted, and remains the model of choice in risk assessment.

By using these models in conjunction with standard interspecies scaling techniques for hepatic blood
flow and maximum elimination capacity Vmax, explicit expressions can be derived relating the
(measured) extraction fraction for rat liver with the (predicted) extraction fraction for human liver
according to all three models for both first-order elimination and general Michaelis-Menten kinetics.
The v.e. and u.s.p. models retain their usefulness by providing upper and lower bounds on such
extrapolations.
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13. ON THE CHEMICAL RISK FROM NUCLEAR WASTE REPOSITORIES

Lan Peruson

Swedish Radiation Protection Institute, BoA 60204, S-104 01, Stockholm, Sweden

High, acute doses of radiation or high, acute intakes of chemical poisons can produce deleterious
effects. For these cases, the risk for lethality can be used to compare chemical and radiological
toxcities. Such comparisons are of a very limited value in the study of nuclear waste repositories
because large, single intakes of contaminants are unlikely. A much more likely situation is the intake
of very small quantities of contaminants involving either a radiological risk, or a chemical risk, or
both types of risks. Apart from their radiotoxicity, the elements introduced in a nuclear waste
repository may exhibit a certain chemical toxicity. Although, in the short term, the radiological
toxicity of the materials in a nuclear waste repository is of primary concern, the potential chemical
toxicity should not be overlooked. In the longer time frame (some hundred thousands of years), as
radioactive decay depletes the radionuclides, the chemical toxicity may even become the dominant
risk. The methodical tools applied for the radiation safety analysis of a repository for nuclear waste
are also suitable for the chemical components. In this paper, the literature in the field is reviewed and
some conclusions are drawn concerning the chemical risk of nuclear waste repositories.
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14. PARAMETER SENSITIVITY IN PBPK MODELS OF METHYLENE CHLORIDE

Tte-,,n Leel, Harvey J. ClewellS, Jeffery Fisher3, Robert L Carpenter4

lArgonne National Laboratory, 9700 S. Cas Avenue, Argonne IL 604392Asronautical Systems Division, Wright-Patterson AFB, OH 45433
3Armstrong Laboratory, Wright-Patterson AFB, OH 45433
4Naval Medical Research Institute Detachment (Toxicology), Wright-Patterson AFB, OH 45433.

Application of physiologically based pharmacokinetic (PBPK) modeling to dose surrogate calculations
and interspecies extrapolation provides a useful logical basis for quantitative risk assessment.
However, these applications raise additional concerns as to the sensitivity of model outcome to the
choice of model parameter values. This is of particular concern when trying to estimate the
uncertainty in model extrapolations as a result of uncertainty in model parameter values. The fact
that these models represent biological entities adds constraints to the estimation of parameter
sensitivity. It is necessary to vary model parameters in a biologically realistic fashion in order to not
introduce artifacts in the sensitivity analysis process.

We have examined the sensitivity of output variates to changes in model parameters of a methylene
chloride PBPK model. Output variates for both parent compound and pathway dose metrics were
examined. Results of these analyses will be presented as a function of species and parent compound
done.
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15. RISK ASSESSMENT FOR THE NEW BRIGHTON/ARDEN HILLS SUPERFUND
SITE

Tom Barounisl, Pinaki Banerje 2, Eric Morton-2 , Majid Chaudhry2

1U.S. Environmental Protection Agency, Region 5, Chicago, IL
2PRC Environmental Management, Inc.

PRC Environmental Management, Inc. (PRO) prepared a draft risk assessment report (RA) for the
United States Environmental Protection Agency (EPA) assessing the risks to human health posed by
the New Brighton/Arden Hills Superfund site in Ramsey County, Minnesota. The site is ranked
No. 43 on the National Priorities List. It covers an area of approximately 25 square miles, which
includes a 4-square mile area of the Twin Cities Army Ammunition Plant (TCAAP); and a 21-square
mile off-TCAAP area contaminated by migration of contaminants from TCAAP. The groundwater
and soils at the site are contaminated with volatile organic compounds (VOCs) and metals.
Preparation of the RA and other ongoing remedial investigation/feasibility study (RIIFS) tasks are
required under the Federal Facilities Agreement (FFA) between the U.S. Army (Army) and EPA, the
Minnesota Pollution Control Agency (MPCA) is also a party to the agreement. This FFA was the first
agreement in the country pursuant to Section 120 of the Superfund Amendment and Reauthorization
Act (SARA).

A scoping meeting attended by EPA, MPCA, the Army, and their contractors was held to determine
the overall nature and scope of the RA. Based on this meeting, the Draft RA was prepared utilizing
EPA's Risk Assessment Guidance for Superfund, Human Health Evaluation, Part A (EPA 540/1-89-
002) based primarily on data presented in RIs prepared for the Army (evaluating multimedia
contamination on-TCAAP). and MPCA (evaluating groundwater contamination off-TCAAP). Risks
were evaluated for exposure pathways involving exposures on-TCAAP and off-TCAAP, under two
land use conditions: (1) the Army continues to operate TCAAP, with estricted access and (2) the
Army abandons TCAAP and the land is developed as residential, commercial, and industrial property.

Exposures to groundwater and VOCs released from on-TCAAP remedial actions pose the greatest
risks to human health. However, exposure to contaminated groundwater is largely speculative and is
likely to be limited. Exposures to surface water and sediment pose little risk to human health. Risks
from exposure to soils are difficult to assess and must be interpreted cautiously.

A-IS

, , i i I I I



16. PREDICTING 2V VIVO RATES OF METABOLISM OF VOLATILE ORGANIC
CHEMICALS FROM WN VITRO KINETIC CONSTANTS: IMPLICATIONS FOR RISK

ASSESSMENT

M.L. Gargas, M.E. Andersen

Chemical Industry Institute ofToxicology, 6 Davis Drive, Research Triangle Park, NC 27709

Physiologically based pharmacokinetie (PBPK) models are being increasingly utilized to estimate

target tissue doses of toxic chemical and their metabolites in quantitative health risk assessments. A

key component in theme models are rates of chemical metabolism. Although it is most appropriate to

obtain in vivo rates of metabolism for chemicals, this is not always possible in animals and is

essentially impossible in humans, the species of interest. In viro methods can be used to estimate

in vivo kinetic constants but care must exercised to ensure that there is a good correlation between
them and the in vivo situation. A 14-compound data set was used in this work to compare in vivo Vm"

values with in vitro constants. The data set included: benzene, toluene, m-xylene, styrene,
chloroform, carbon tetrachloride, 1,1-dichloroethane, ,1,1-trichloroethane, 1,1,2-trichloroethane,
1,1,1,2-tetrachloroethane, 1,1,2,2-tetrachloroethane, 1,1-dichloroethylmne, trichloroethylene, and
tetrachloroethylene. In vivo constants were obtained by gas uptake and in vitro constaats from

enriched liver homogenate fractions. A regression of in vivo on in vitro V.= values (p moles/h/rat)
resulted in the equation: VY z (in uio) = 2.26XV,. (in uviro)+4.52 (r2 =0.784). Thus, this vial
equilibration approach gave constants that correlated with is vwo values. At this stage of
development however, it is important to identify which of the many available in Wiro approaches
correlate most consistently with in vivo behavior before in uitro rates from animal or human tissues
can be used confidently in PBPK models.
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17. RISK ASSESSMENT OF AIR CONTAMINANTS FROM OPEN BURNING/OPEN
DETONATION AT THE UTAH TEST AND TRAINING RANGE: EVALUATING
RISKS FROM ACUTE EXPOSURES

Steven L. Glaser, Arthur A. Sutherland

James M. Montgomery Consulting Engineers, Inc., 4525 S. Wasatch Blvd., Suite 200, Salt Lake City,
UT 84109

A risk assessment was performed of the air emissions resulting from open burning/open detonation
(OB/OD) of various types of explosives and propellants at the Utah Test and Training Range (UTTR)
near Lakeside, Utah. The results of the risk assessment are being used to support a RCRA Part B
Subpart X permit application.

Open burning/open detonation is performed at the UTTR on a sporadic basis in an isolated area,
although large quantities of materials can be involved. Modeling indicated that people could be
exposed to air pollutants for durations ranging from a few minutes to I h. Consequently, only acute
exposures result. This is in contrast to the chronic exposure that is typically the subject of risk
assessments.

Acute exposures require the development of different measures of toxicity than are normally employed
in a risk assessment. National Ambient Air Quality Standards (NAAQS) were used when available.
For other compounds, occupational ceiling or short-term exposure limits were used as toxicity
measures during the indicator selection proem. These occupational limits were used because they
were available for most compounds predicted to be emitted and because they were derived for an
exposure duration comparable to that which results during OB/OD. Compounds that only have 8-h
occupational limits were excluded from consideration. For risk characterization purposes, values
comparable to an acute reference dose had to be developed on an individual basis for compounds
without NAAQS standards.
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I. APPLICATION OF RISK ASSESSMENT TO DECISION MAKING AT HAZARDOUS
WASTE SITES - SEEKING REAL NET RISK REDUCTIONS

CA. Staplest , B.E. HuntsmanA

ITerran Corporation, 1000 Executive Parkway, St Louis, MO 63141
2 Terran Corporation, 3085 Woodman Drive, Kettering, OH 45420

One key step in evaluating hazardous wastes sites is the development of a risk analysis that ties
discovered chemical contamination with human and environmental health effects. These studies are

t Assessments or Risk Assessments. Site contaminants are projected into possible
future locatios or concentrations in an effort to quantify current risks posed by a site, and future risks
posed by a site should no action be taken to lessen the existing sources and concentrations. Subjective,
highly conservative assumptions are often built into the process attempting to avoid underestimation
of possible risks. Unfortunately, the assumptions often render the results meaningless in terms of
useully guiding deision making.

Presented here is a method used to perform a risk assessment such that regulatory demand for
conservatism was met while retaining a useful site risk assessment for defining real risks and
measuring possible risk reductions from remedial technologies. The method evaluated information
drawn from a real site in two ways. First, chemical and site data were combined to determine actual
site risks to human and environmental health. Second, conservative risk projections were used to
emulate the basic regulatory endanerment ssment process. Following these separate analyses,
remedial alternatives were presented with the likely obtainable reductions in contaminant
concentrations folowing completion of remediation. Risks were recalculated with the newly
remmdiated concentrations Results show that one method obscures the actual net risk reduction while
the other hiliWgts it.
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19. DESIGN-PHASE REVIEW OF HAZARDOUS MATERIALS IN AIR FORCE WEAPON
SYSTEMS- A PROCEDURAL FRAMEWORK

Ann Huangl, David C. Robertal, Mary K. Ballengee2

IThe MITRE Corporation, 7525 Colshire Drive, McLean, VA 22102
2HSD/XRH, Brooks AFB, TX 78235

The Acquisition Management of Hazardous Materials (AMHM) Program was established by Air Force
Systems Command to create an integrated oversight process for ensuring that consideration is given
to hazardous materials issues during the weapon system acquisition process. The emphasis is on
eliminating or reducing the use of hazardous materials in products and their associated processes
during the entire life cycle of the weapon (manufacture, operation, maintenance, and disposal). The
environmental and human health impacts of using a material should be examined in the design phase
of the weapon so as to minimize unforeseen downstream costs and negative impacts on schedule and
perfmce.

A crucial element of the AMHM program is the process by which hazardous substances are identified
and evaluated. Although there already exist documented methods for evaluating hazardous materials
which are used in government and industry, the Air Force needs a procedure specifically adapted to its
needs. Such a procedure must take into consideration the specific context in which the material is to
be used, relevant regulations, existing scientific data, and alternative materials and processes. A
proposed procedural framework will be presented in terms of functional flow diagrams, organizational
responsibilities, and informational requirements.
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20. DERMAL EXPOSURE: DATA BASE, PREDICTIVE MODELS, AND RISK
ASSESSMENT

J.J. Hoetynekt, R.S. Hins2, C. Cullander2 , C. Lorence2, R.H. Guy2 , R.O. Potts3, K.C.T. Hoang4

IETRI, Lafayette, CA 94549
2School of Pharmacy. University of California, San Francisco, CA 94143
3Cygnus Therapeutic Systems, Redwood City, CA 94063
4U.& Environmental Protection Agency, Washington, DC 20460

Prediction of the detrimental toxic effects of hazardous chemical exposure to the skin is difficult
because of the complexity of the percutansous absorption process and the lack of any consistently
identifiable relationships between transport rate and chemical properties. The ultimate objectives of
our research, therefore, are to address these problems and to be able to predict accurately the
toxicokinetics of chemicals absorbed across human skin in vive.

The methodological approach involves: (1) Establishing a data base of the extensive percutaneous
absorption literature, and extracting relevant measurements of skin penetration. (2) Developing
refined models of the percutaneous transport process that recognizes the relevant biology of the skin
and the physicochemical interactions between the penetrating chemical and the skin. (3) Determining
and validating practical relationships between the structure and physicochemical properties of the
dermally contacting chemicals and the percutansous transport kinetics. (4) Demonstrating how these
"suturetj-ajvityM relationships can be used to reduce uncertainty in the risk assessment process.

The bibliographic data base now contains over 2500 records, and data abstraction into spreadsheet
software has been performed for certain specific chemical classes (e.g., phenols), and for selected
Environmental Protection Agency (EPA)-identified priority pollutants. Initial quantitative
struoture-ectivity relationships have been explored and families of curves, relating percutaneous
permeability to penetrant lipophilicity and molecular volume, have been deduced.

(Supported by U.S. EPA Cooperative Agreement CR-816785-01).

gISL!EB This draft document has not been reviewed in accordance with U.S. EPA policy or
approved for publication. Mention of trade names or commercial products does not constitute
endorsement or recommendation for usm.
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21. DEVILOPING EXPOSURE SCENARIOS FOR ASSESSING HUMAN HEALTH
mFFRCTS OF COMBUSTOR EMISSIONS

J. Dollarhidel, M. Kujawal, R. Brulns2

ISyracuse Research C ..-p., 2159 Gilbert Avenue, Cincinnsti, OH 45206
2U. L Environmntal Protection Agency, 26 Martin Luther King Drive, Cincinnati, OH 45268

Exposure scenarios are real or hypothetical situations that define the source and pathways by which
individuals an exposed to environmental chemicalis. Exposure scenarios ae used in risk assessment
of combustion facilitie (e.g., municipal waste combustors) to evaluate the impact of emitted pollutants
on human health and the environment. An approach to constructing site-specific exposure scenarios
to aid exposura'risk assessors has been developed. In this approach, the source is defined in terms of
its length of operation, and the exposed individual is defined in terms of his/her location, amount of
time spent near the source, age, and lifestyle (e.g., urban or rural). The environmental media near the
source (soil, water, vegetation) and the ways these media are used (drinking water, food, recreation)
define the routes by which individuals are exposed. Average, moderate, and worst-case exposure
scenarios have been developed to illustrate a range of possible situations. These scenarios, along with
the advantages and disadvantages of using this approach for constructing exposure scenarios, will be
presented.
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22. DETERMINING HUMAN EXPOSURE TO POLLUTANTS MEASURED IN THE
AMBIENT AIR EMITTED FROM A MUNICIPAL WASTE COMBUSTOR

IL Elchlbergerl, P. McGinnisl, R. Nicholsl, W. Stiteler2, C. Sonich-Mullin3

18yracuse Research Corp., 2159 Gilbert Ave., Cincinnati, OH 45206
ISyracuse Research Corporation, Merrill Lane, Syracuse, NY 13210-4080
W3.S. Environmental Protection Agency, 26 Martin Luther King Drive, Cincinnati, OH 45268

A pilot study of chemicals in ambient air surrounding a municipal waste combustor (MWC) was
undertaken in an attempt to determine human exposure. Several metals (e.g., lead and nickel) and
organis (etg., benzolalpyrene, polychlorinated dibenzo-p-dioxins [PCDDs], and polychlorinated
diensofuans CPCDFsD were measured. The likelihood that the MWC was the source for these
pollutants was evaluated using three approaches: (1) correlation of the amount of waste burned daily
with particulate concentrations, (2) comparison of ambient air PCDD/PCDF congener profiles with
those of potential sources (ie., MWC stack emissions and residential wood burning systems), and
(3) statistical analyses of the relationship between daily measured ambient air concentrations of
pollutants and daily concentrations predicted form the Industrial Source Complex Short-Term air
dispersion model. The daily measured concentrations were compared to the predicted concentrations
by using two nonparametric procedures: a modified sign test and Friedman two-way analysis of
variance. None of these analyses found a significant relationship between incinerator operation and
measured pollutant concentrations. Advantages for each of these approaches of source apportionment
are discussed
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23. A STATISTICAL TEST FOR EVALUATING COMPATIBILITY OF TWO OR MORE
STUDIES IN CANCER RISK ASSESSMENT

W. Stitelerl, R.Schoeny2

ISyracuse Research Corp., Merrill Lane, Syracuse, NY 13210-4080
'U.S. Environmental Protection Agency, 26 Martin Luther King Drive, Cincinnati, OH 45268

Frequently, there are two or more data sets available on which quantitative risk estimates forcarcinog iity could be based. Combining these data may in some cases result in improved estimates.
A statistical method for evaluating the hypothesis that two or more sets of data are compatible with a
common dose-response model would aid the biologist in making the determination whether to
combine or not combine data sets. A statistical test based on the likelihood ratio principle is proposed
for comparing two or more data sets to a common linearized multistage model. This test with several
examples and the results of a Monte Carlo study of the power of the test are presented. The theoretical
relationship between the proposed test and the methods commonly used to estimate parameters and
confidence limits for the linearized multistage model are discussed.
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24. BIOLOGICAL CONSIDERATIONS FOR COMBINING CARCINOGENIC
QUANTITATIVE ESTIMATES

S. Vateri, R.SchosnyS

ISymcuse Research Corp., 2159 Gilbert Ave., Cincinnati, OH 45206
2U.S. Environmental Protection Agency, 26 Martin Luther King Drive, Cincinnati, OH 45268

Carcinogen risk assessments conducted by the United States Environmental Protection Agency have
most frequently been based on results of a bioassay from a single sex/strain/species of animal. Use of
more of the available data may result in a higher level of confidence in the risk estimate. Several
biological factors should be considered before combining data sets from different animal sexes, strains,
species, or tumor sites. The relevance of the animal models, study design and execution, dose
selection, and route of adinistration are study quality factors which influence whether studies
should be combined. The decision to combine data sets is also based on what is known of the
mechanism of action of the agent (Le., whether the agent is thought to be an initiator or to act at later
stages, its pharmacokinetics, any species/sex specificity of the effect, and considerations regarding
tumor site specificity). The use of these factors in the decision to combine or not combine data sets is
discussed.
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25. GENERAL GUIDANCE FOR ECOLOGICAL RISK ASSESSMENTS AT AIR FORCE
INSTALLATIONS

J.M. DeSeusol, F.T. Pricer, C.W. Attebery2 , LR. dePersia2

IThe MITRE Corporation, McLean, VA
2IRP Program Office (HSD/YAQ), USAF, Brooks AFB, TX

General guidance has been developed for performing ecological risk assessments (ERA) that not only
conforms with Federal and Regional Environmental Protection Agency (EPA) regulations but also
meets the special requirements of the Air Force Installation Restoration Program (IRP). It must be
borne in mind that the geographic locations included in the ERA should not be limited by propefty
boundaries if affected environments or habitats extend beyond them. An ERA can be completed in
three phases.

Phase I (Ecological Quotients) is outlined by the following sequential steps.
1. Assemble all data relevant to the ERA. Identify all ecological contaminants (EC), locate sources of

EC, estimate source size, and describe site history.
2. Establish background (ambient) concentrations of all EC.
3. Identify EC of concern using background concentrations site history, and potential for ecotoxicity.
4. Develop a physical model of the study area describing the likely migration pathways of EC (based

on topography, hydrogeology, geology, geochemistry).
5. Identify ecological receptors, including endangered species, critical habitats, and sensitive

environments. Be cognizant of seasonal variations in life cycle of target species. Determine
recreational and commercial uses of the study area.

S. Conduct a field survey to verify information gathered to date.
7. Identify data gaps; gather additional required information, if necessary.
& For each EC, establish assessment endpointe (e.g., toxic effects) and determine effective

concentrations of EC in the target species. If data are not available, ecological benchmarks
(e.g., EPA Ambient Water Quality Criteria) may be used as surrogates.

9. Characterize present and future completion of potential exposure pathways predicted by the
physical site model and quantitate dose to receptors including ecological food chain considerations.
Evaluate potential magnitude and frequency of contact with EC.

10. Develop an Ecological Risk Characterization for each EC and receptor of concern by comparing
calculated exposure with effective concentration.

il Consider the impacts of present or future human activities including any ongoing or proposed
remediation that may affect the ecological resources at or near the study area.

Phase H (Biological Diversity) is analogous to human epidemiology studies and is used to bolster the
findings of Phase I. The following steps are followed.
1. Define the boundaries of the territory to be studied and the period of time (season).
2. Identify a nearby, similar, but uncontaminated area.
3a. Perform a census of all extant species including total number of species (richness) and numbers of

individuals for each species (evenness).
3b. Alternatively, monitor the distribution of selected species (Le., a suite of species that is

rep esentative of the area and endangered, declining, and important specie.
4. Compare the results of contaminated and control areas.

Phase III (Population Study) is performed if a decline in population size for an important species occurs
with a low ecological quotient or no effect is seen with a high ecological quotient. A census of the
number of individuals in each life stage for selected species is taken at several time points over one to
smeeral lIf. cycles or seasons.

ERA is an ongoing proces that should begin early in the IRP. The ERA should be modified and
adjusted throughout the IRP as additional or more accurate data become available.
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26. n- CULAR EXPOSURE TO SOMAN: A SHORTCUT TO THE BRAIN?

John M. DeSesso

The MrTRE Corporation, 7525 Colshire Drive, McLean, VA 22102

Exposure to boman gas has been linked to alterations in electroencephalograms and psychological
disturbance, including inability to concentrate and failure to plan effectively. These cognitive
activities take place in the forebrain structures of the anterior cerebrum. Anatomical consierations
of the vascular supplies to the eye, orbit, and brain suggest that the ocular route of exposure may
provide rapid, direct access of roman to the anterior portion of the brain so that exposure by this route
may be of comparable importance to inhalation exposure.

Vapors or liquid droplets of soman contact both the cornea on the eyeball and the epithelium lining
the inner side of the eyelid. Diffusion of soman can occur into either structure. Diffusion through the
cornea provides access to the aqueous humor, a fluid that is constantly produced by the ciliary body
posterior to the iris. The aqueous humor exits the eyeball into veins that coalesce and enter the skull,
emptying into the large cavernous sinus (CS) located at the base of the brain. Soman that diffuses into
the aqueous humor would follow this route. Soman can also diffuse into the conjunctiva (lining of the
eyelid), a well-vascularized tissue, the venous drainage of which also joins the veins draining the
eyeball proper, enters the skull, and finds its way to the CS.

The CS is important beause several significant structures pass through it, bathing in the blood
contained therein. These structures include the internal carotid arteries (ICA), the sympathetic
carotid plexus of nerves, and several cranial nerves (MI, IV, VI, V2, and V3). Because the flow of
venous blood through the CS is sluggish, equilibration of agent between the venous blood of the CS
and the arterial blood in the ICA, which are bathed by the venous blood, is facilitated. Soman that
diffuses into the ICA will be distributed with the blood that flows primarily into the anterior cerebral
artery, the major blood supply to the forebrain structures of the anterior cerebrum. This means that
soman that is absorbed via the ocular route may enter the brain without traversing the heart, the
lungs, or the liver. In addition, experimental animals, including dogs and cats, possess a special
modification of the ICA which greatly increases the surface area available for the diffusion and further
facilitates the exchange of soman between the venous blood and the blood in the ICA.

Becuse of the potential significance of the ocular route of exposure to soman gas and the differences
amon species in the anatomy relevant to this route, it is imperative that ocular exposure be
considered In the pharmacokinetic modeling of soman exposure in experimental animals and in the
extrapolation oflaboratory results to the human condition.
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27. THE HYDROXYLAMINE MOIETY OF DEVELOPMENTAL TOXICANTS CAUSES
EARLY EMBRYONIC CELL DEATH

J.M. DeSessol, G.C. Goeringer2

I The MITRE Corporation, 7525 Colshire Drive, McLean, VA 22102
2 Department of Anatomy and Cell Biology, Georgetown University School of Medicine, Washington,

DC

Cellular debris, an indication of cell death, is apparent in limb buds of gestational day (gd) 12 rabbit
embryos when examined by light microscopy at 4 h after either subcutaneous (sc) injection of a
teratogenic dose of hydroxyurea (HU, 650 mg/kg) to pregnant rabbits or an intrauterine (iu) injection
of HU (180 pg/site) to embryos. Several chemicals that are structurally related to HU are also
teratogenic; all of them possess a terminal hydroxylamine moiety (-NHOH). To investigate whether
the -NHOH moiety is responsible for the early cell death, a series of five structurally related, -NHOH
bearing chemicals were administered at equimolar doses either by sc or iu injection on gd 12. Four
hours later, embryos were harvested and prepared for light microscopy. The -NHOH-bearing
chemicals included hydroxylamine HCR, N-methyl hydroxylamine HCI, HU, acetohydroxamic acid,
and hydroxyurethane. Cell death was obvious in limb buds from treated embryos of all groups. A
second series of chemicals, structurally similar to the hydroxylamine-bearing series, but possessing a
terminal -NH2 group, were tested at equimolar doses by an identical protocol. The chemicals in the
-NH2 series included NH3 (as NH40H), methylamine, urea, acetamide, and urethane. None of the
-NH 2 chemicals caused cell death in limb buds at 4 h demonstrating that, for the chemicals tested, the
early episode of embryonic cell death is associated with the terminal -NHOH group.

Because antioxidants (e.g., propyl gallate, ethoxyquin, NDGA) and the hydroxyl free radical
scavenger, D-mannitol, delay HU-induced early embryonic cell death, the -NHOH chemicals were
coadministered with propyl gallate (PG at 634 mg/kg or 225 pgsite) to determine the effect on early
cell death. In all cases, PG prevented/delayed the early episode of cell death when embryos were
examined histologically at 4 h. Thes results suggest that the rapidly occurring embryonic
cytotoxicity may involve a free radical mechanism that requires the presence of a terminal -NHOH for
initiation.

(Funded by MiTRE-Sponsored Research Project 95878)
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n8. AUTOMATED DOSING AND WEIGHING SYSTEM WITH AUDIT-TRAILED DATA
ACQUISITION AND MANAGEMENT: A GLP COMPLIANT SYSTEM

Robert M. Parkerl, James A Crowelll, Paul A. Gosnelll, Thomas J. Buccil, Joe Meehan2,
Twila Bixler2 , Jack C. Dacre3

iPathology Associates, Inc., National Center for Toxicological Research (NCTR), Jefferson, AR
72079-0026

2 Computer Based Systems, Inc., NCTR
3 Health Effects Research Division, U.S. Army Biomedical Research and Development Laboratory,
Fort Detrick, Frederick, MD 21702-5010

The In-life Dosing System is used to dose animal on studies at the National Center for Toxicological
Research (NCTR). This program was developed to meet stringent tracking requirements for
Department of Defense studies using surety agents. The program enforces a study-specific protocol to
set the experimental parameters and drive the menus for the study.

To start the program, the technician lop on the VAX 780 Computer and identifies the dosing team,
the study, and the room and equipment that will be used, and then proceeds to calibrate the
equipment. The technician then adds the container with the chemical agent and primes the
Micrometic Systems Automatic Pipette. When ready to begin dosing, the technician barcodes the
animalidentification (ID) and cap ID using an Intermec 9510 Barcode Reader, and weighs the animal
on a Mettler PEll balance. The weight value is transmitted directly into the NCTR In-life Dosing
program. The system uses the weight, along with dosing parameters taken from study-specific files, to
calculate the correct dose for the animal. The calculated volume information is sent to a Micromedic
Pipette which draws up the required dose. The technician selects the proper site of administration and
presses a foot-pedal to dispense the dose. A time-stamped record of the dosing or any aberration to the
dosing protocol (spills, re taion, blocked needles, etc.) is stored permanently as part of a
comprehensive audit trail on the NCTR data base along with other data relating to the study. The
program will not allow an animal that has already received a dose to be accidentally redosed and the
system prompts for animals that should have been dosed but were not and requires a technician
comment for each case that remains undosed.

This program reduces errors by minimizig operator data entry, relying instead upon parameters read
from files and instruments. Automatic calculation and highly accurate dispensing of the dose further
ensures reliability. Data integrity has been validated and is maintained through conformance to the
Food and Drug Administrtion Good Laboratory Practice (GLP) standards for Automated Data
Processin& This system is a eost-effective tool for dispensing and tracking the chemical agent and
minimizes the time required for hand entry recordkeeping (especially in a GLP environment). Prior to
introducing this system, daily labor requirement for dosing a 100 rat GLP and surety-compliant
90-day ubehronic study was 12-h/day (three technicians for 4 hi). Since this system has been in
operation, the daily labor requirement has been lowered to 2 h/day (two technicians for I h).
Equivalent results have been achieved during the past three 90-day subchronic studies with increased
accuracy in dosing and record keeping and, based upon discussions with technicians, reduced stress
and fatigue.
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29. NEGATIVE DOMINANT LETHAL STUDY OF LEWISITE IN CD-RATS

R.M. Parker1 , T.J. Buccil, K.H. Denneyl, J.C. Dacre2

IPathology Associates, Inc., National Center for Toxicological Research, Jefferson, AR
2USABRDL, Fort Detrick, FrederickMD

Lewisite (2-Chlorovinyldichloroarsine, Agent L) was investigated as part of the U.S. Army
Toxicological Program on Chemical Agents. Twenty male CD-rats per dose group received by gavage
1500, 750, or 375 pg/kg Lewisite or vehicle control (1 mL sesame seed oil) daily for 5 days. Positive
control males were given 1 mL sesame seed oil by gavage (Days I through 4) and on Day 5 they were
given an ip isdection of 100 mg/kg ethyl methanesulphonate, a positive control mutagen. Each male
was mated to two virgin females (12 weeks of age) per week for the next 10 weeks. Females were
sacrificed on Gestational Day 14. At necropsy, the corpora lutea were counted and the uteri and
contents were examined. Implantation sites were categorized as live/dead fetuses or early/late
resorptions. No significant differences in reproductive indices were seen between treatment groups
and the control group except for the positive control. Males were sacrificed during Week 13 and
necropsied. Sperm morphology/motility, testicular histopathic evaluation, and morphometric analysis
of seminiferous tubule cross-sections showed no significant differences between treatment groups and
the control group. (Supported by U.S. Army Medical Research and Development Command,
APO#88PP8860)
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30. A STUDY OF THE METABOLISM AND NEPHROTOXCICITY OF SEVERAL ALKYL.
SUBSTITUTED CYCLOHEXANES

M.P. Serves, D.D. Bombickl, J. Robertsl, K.O. Yui, G.A.McDonaldl, G.M. Henninguen2 ,
M.J. Parnell2, D.R. Mattie2

1 Department of Chemistry. Wright State University, Dayton, OH 45435
2Harry 0. Armstrong Aerospace Medical Research Laboratory, Wright-Patterson AFB, OH 45433

Male Fischer 344 rats were dosed by gavage with the following alkyl substituted cyclohezane:
methylcyclohexane, ethylcyclohexane, isopropylcyclohexane, and tertiary butylcyclohexane. The
urinary metabolites of the cyclohexane derivatives were isolated and identified by gas
chromatography (GC) and GC/mass spectrometry. The classic signs of hydrocarbon-induced
nephropathy were pathologically cietermined with isopropylcyclohexane and tertiary
butylcyclohexane producing the major renal damage.
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31. HAZARD EVALUATION OF TABUN (AGENT GA) IN CELL AND ANIMAL MODELS

Barry W. Wilsonl, Thomas G. Kawakamil, Robert J. Higginsl, Robert M. Parker 2, Thomas J.Bucci2,
Jack C. Dacre3

I Laboratory for Energy-Related Health Research (LEHR), University of California, Davis, CA
95616-5224

2•Pathology Associates, Inc., National Center for Toxicological Research (NCTR), Jefferson, AR
72079-0026

3 Health Effects Research Division, U.S. Army Biomedical Research and Development Laboratory,
Fort Detrick, Frederick, MD 21702-5010

The chemical agent Tabun ([GAL; phosphoramidocyanidic acid, dimethyl-, ethyl ester) is one of several
organophosphorus compounds being evaluated under contract with the support of the U.S. Army
Medical Research and Development Command. Apart from numerous LD50 animal studies, GA had
not been subjected to a detailed toxicological evaluation. The following studies have been completed:
Phase I assays (LEHR): Ames Salmonella, mouse lymphoma (ML), in vitro sister chromatid exchange
(SCE), in vivo SCE, Unscheduled DNA synthesis (UDS); Phase U1: delayed neuropathy in chickens
(LEHR), teratology in rats and rabbits, and a 90-day subchronic in rats.

GA was a relatively weak, direct acting mutagen in the Ames, ML and in vitro SCE assays. Ames
assay. the test was weakly positive for concentrations up to 200 pg/nL, but revertants only increased
by 50% above backgrotnd. ML: the response increased linearly with dose of GA, and was three-fold
higher than background at the 100 pg/mL In vitro SCE: induction of chromatid exchanges increased
linearly with dose but was not twice the background. GA was not activated by a rat liver S9
preparation in the above assays. In vivo SCE: there was no significant induction with 700 MA/kg GA,
and higher doses were lethal. UDS: induction decreased in the primary hepatocytes as if the agent
were toxic. Cytotoxicity of GA in several of the assays suggested the cyano-group may be a site of
toxicity separate from the phosphoramidate group. Evidence favoring this hypothesis was obtained
by demonstrating that GA (like cyanide itself) inhibited the oxygen consumption of chick embryo
hepatocyte

Ninety-day delayed neuropathy studies in which hens were injected five times per week at 70 lz,/kg of
GA (the highest tolerated dose with atropine protection) did not result in organophosphorus-induced
delayed neuropathy, according to biochemical, locomotor, and histopathological tests. Neuropathy
target esterase was not inhibited with a single dose of 125 pg/lg of GA, approximately the LD50 level.
GA was not grossly toxic when administered to rats for 13 weeks by ip injection at 20.1, 56.3, and
113 P/g. There was a reduction (p<0.05) in body weight gain in the high dose animals. The
developmental toxicity of GA was determined in a Standard Segment II protocol in both female rats
and rabbits exposed by se injection during gestation. GA did not produce an increase in developmental
toxicity at the following doses (rabbits: 56.25,112.5,317; rats: 75,150,300 pg/kg/day.)

This work is supported by USAMRDC contracts 87-PP7827 and 87-PP7831.
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32. DERMAL TOXICITY USING LP1846 LIQUID GUN PROPELLANT ON MALE
MINIATURE HANFORD SWINE

Paul A. Goenelll, William M. Witt2, Robert M. Parkerl, J. Dale Thurmanl, Linda Harbourl

IPathology Associates, Inc., P.O. Box 26, Jefferson, AR 72079
2National Center for Toxicological Research, Jefferson, AR 72079

LPI846 liquid gun propellant (60.8% hydroxylammonium nitrate, 19.2% triethanolammonium
nitrate, 20.0% water) is under development by the U.S. Army as a possible substitute for current solid
gun propellants. The limited data that are available on several liquid gun propellant formulations, as
well as their major components, indicate that they are toxic in several species. The major effects are
erythrocyte crenation, Heinz body formation, and methemoglobin production. This study was
undertaken to determine the maximum tolerated dose (MTD) for future LP1846 studies. A total of
10 male Miniature Hanford Swine, in two groups, were assigned to this study. Eight were treated
with LP1846 (2 to 15%, 1 to 12.5%, 1 to 10%,1 to 7.5%, 1 to 5%, 1 to 3.5%, 1 to 1.9%) and two negative
controls (15% surface area with distilled water). Blood samples for methemoglobin levels were
collected on day of allocation, and on Day I at 0, 2, 4, and 8 h, and Days 2 through 15. Blood samples
for hematology/clinical chemistry (complete hematology, BUN, total protein, creatinine, albumin and
ASAT) were collected on the day of allocation, and on Day I at 0, 2, 4, and 8 h, and Days 2 through 5, 8
through 12, and Day 15. All surviving animals were euthanized on Day 15. Histopathology was
performed on sections of skin exposed to the test and control articles (both representative samples and
lesions occurring in these areas). An additional skin tissue sample was collected from a site that was
no less than 5.0 cm away from the edge of the treatment ares. The animals were observed twice daily
except during Study Days 2 through 4 where clinical observations were made four times daily. Skin
irritation was graded according to standard methods. Results indicate that the MTD was 15% skin
surface area. Methemoglobin levels in those animals increased rapidly to peak nonfatal levels (20 to
23%) between 72- and 96-h poyst posure. As the methemoglobin concentration increased, the number
of circulating erythrocytes decreased while the number of reticulocytes and Heinz bodies increased
indicating removal of toxic erythrocytes and early release of immature erythrocytes from
hematopoietic tissues. Clinical chemistry data indicated no detectable detriment to either renal or
hepatic function in any of the rangefloding animals. Evaluation of the cutaneous irritancy of LP1846
indicated that the agent is an irritant and it was scored in the moderate-to-severe category.
Histological examination of exposed skin indicates that healing was progressing. The epithelium was
intact in each spe examined
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33. IN ViTRO MODULATION OF INTERCELLULAR COMMUNICATION BY
XENOBIOTICS A COMPARATIVE ANALYSIS

B.V. Madhukar, James E. Trosko

Department of Pediatrics/Human Development and Center for Environmental Toxicology, Michigan
State University, East Lansing, MI 48824

Intercellular communication mediated by gap junctions appears to be of central importance in normal
cellular homeostasis, tissue growth, and development. Hence, chemicals which aberrantly down-
modulate gap junction function can be considered potentially toxic.

In our continuing efforts to develop biomarkers of toxic chemical interactions, we have compared the
modulation in intercellular communication by a variety of zenobiotic chemicals of environmental
importance in selected human and rodent tissue-derived cell culture models. The data obtained so far
clearly indicated that several of the toxic chemicals, which have been documented as tumor promoters,
hepatotozins, neurotoxins, and reproductive toxins have inhibited GJIC as determined by the
techniques developed in our laboratory. Furthermore, we have noted a tissue and cell type specificity
in the response elicited by these chemicals.

These observations reinforce our contention that inhibition of intercellular communication is a useful
biomarker for identifying potential toxic chemicals, and that there are distinct tissue specific
differences in the response evoked by various chemicals. -The latter also suggests the need to assess
inhibition of gap junction function in more than one in uitro model and to understand the basic
biochemical mechanisms involved in the regulation of gap junctional communication in different
in vitro systems. (supported by US Air-Force-OSR #89-0325 and NIEHS-Superfund #P-42ES0491 1)
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34. COMPUTATIONAL METHODS FOR THE RAPID IDENTIFICATION AND
PREDICTION OF SUSPECT TOXIGENS

Peter Polltser, Per Sjoberg, Jane S. Murray, Patricia Evans, Tore Brink

Department dChemistry, University of New Orleans, New Orleans, LA 70148

Many toxigens function through interactions with cellular receptors; these are examples of biological
roagntion processes. The chemical nature of the receptor is often not well understood; however, by
computing and comparing the electrostatic potentials around molecules that show a range of
tendencies to interact with a given receptor, it is frequently possible to identify features in the
molecular potential that- promote or oppose a molecule's interaction with the receptor. This permits
subsequent predictions of the biological activities of other, related molecules. A particularly realistic
and effective procedure is to compute the potential on the surface of the molecule, because this is most
representative of what the receptor actually encounters. We define the surface as the 0.002
electrone/bohrG contour of the molecular electronic density;, thus, it reflects features unique to the
molecule, such as bonds and lone pairs. Surface electrostatic potentials have been computed at the ab
initio SCF STO-5G level for halogenated dibenzo-p-dioxins, dibenzofurans, benzoflavones,
anthraquinone, and polycyclic hydrocarbons. The results have been related to the biological activities
of these systems, and provide a basis for identifying suspect toxigens in these classes of compounds.
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35. STATISTICAL ANALYSIS OF FISH VENTILATORY RESPONSE DATA. AN ON-
LINE DATA ANALYSIS COMPUTER SYSTEM AND ITS APPLICATION TO THE
EVALUATION OF LABORATORY AND FIELD EXPERIMENTAL DATA ON
BLUEGILLS

Paul L Federl, Robert A. Lordol, William H. van der Schalie2

iBattelle, Columbus, OH 43201
2U.S. Army Biomedical Research and Development Laboratory, Frederick, MD 21701

Laboratory determinations of maximum acceptable toxicant concentration (MATC) levels for fish and
other aquatic organisms are commonly based on lethal and sublethal toxic effects. It has been
suggested in the aquatic toxicology literature that toxicant concentrations near the MATC will result
in changes in fish ventilatory patterns that manifest themselves in a relatively short period of time,
such as hours or days.

Van der Schalie (1980) has developed an on-line computerized system for monitoring the ventilatory
patterns of fish. This system monitors up to 32 fish individually and continuously for four responses:
ventilatory rate, depth of ventilation, gill purge ("cough") rate, and whole-body movement. The
monitoring system, housed in a mobile trailer, is brought to the stream location that is to be
monitored. Summary data on the four ventilatory responses, continuously monitored within each fish,
are recorded at 15-min intervals.

The ability to monitor ventilatory responses on a real-time basis gives rise to the statistical problem of
how to detect shifts from normal baseline ventilatory patterns on a real-time basis. This presentation
discusses a Statistical approach, based on statistical control chart methodology, that was developed to
accomplish this objective and describes a series of computer programs that implement this
methodology. Several of these programs are incorporated into the on-line monitoring system; they
will detect shifts from baseline ventilatory patterns on a real-time basis. The statistical approach and
the associated computer programs are illustrated with experimental data that were obtained with the
on-line ventilatory response monitoring system.

This research was sponsored by the U.S. Army Biomedical Research and Development Laboratory,
Department of the Army, Frederick, MD, under Contract DLA900-86-C-2045 with Battelle.
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36. FLOW CYTOMETRIC ANALYSIS OF HEPATOCELLULAR CHANGES IN
FISCHER 344 RATS UPON IN VIVO EXPOSURE TO PERFLUORODECANOIC
ACID (PFDA)

Donald E. Frazier Jr., Laura Y. Huffl, Melinda J. Tarr

The Ohio State University, Department of Veterinary Pathobiology, 1925 Coffey Rd., Columbus, OH
43210

The carcinogenic potential of compounds that induce peroxisome proliferation has become an
important area of risk assessment. Peroxisome proliferators rresent a group of structurally diverse
compounds whose mechanisms of carcinogenesis remain to be fully determined. Perfluorodecanoic
acid (PFDA), a perfluorinated carbozylic acid, is a halogenated hydrocarbon compound that induces
hepatocellular perozisome proliferation which can be evaluated by flow cytometric analysis.
Hepatocytes were isolated from PFDA-treated, pair-fed control, and naive control Fischer 344 rats and
analyzed for changes in cell size, granularity, and DNA content. The results indicate that PFDA
increases both hepatocellular size and granularity, which correlates with reported light and electron
microscopic changes. Perfluorodecanoic acid induces a shift in the normal predominant tetraploid
DNA content to a diploid hepatocyte DNA population. This shift in DNA content may represent an
early stage in the initiation of hepatocellular carcinogenesis.

This work was supported by Grant No. 88-0216 from the Air Force Office of Scientific Research.
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37. EVALUATION OF HISTOPATHOLOGIC CHANGES AND MITOGEN-INDUCED
PROLIFERATIVE RESPONSE OF LYMPHOID TISSUES ISOLATED FROM
PERFLUORODECANOIC ACID (PFDA)-TREATED FISCHER 344 RATS

Donald E. Frazier Jr., Melinda J. Tarr

The Ohio State University, Department of Veterinary Pathobiology, 1925 Coffey Road, Columbus,OH
43210

An essential part of risk assessment is an evaluation of the immunotoxicologic changes associated
with chemical exposure. The immune system is a highly sensitive indicator of potential chemical
toxicity in both humans and animals. A complete immunotoxicologic evaluation of xenobiotics
involves both humoral and cell-mediated immunity. Immunotoxicologic risk assessment should
involve a tier-testing strategy such that initial investigative evidence may or may not point to further
immunologic evaluation. Perfluorodecanoic acid (PFDA) is a perfluorinated carboxylic acid compound
that exhibits toxic effects similar to 2,3,7,8-tetrachlorodibenzo-p-dfioxin, a potent immunotoxicant.
Experiments were designed to examine morphologic changes of various lymphoid tissues derived from
Fischer 344 rats exposed to PFDA in eWo. Rats exposed to 50 mg/kg PFDA showed marked lymphoid
depletion of the thymus (thymic atrophy). In addition, we also investigated mitogen-induced
lymphocyte proliferation as one aspect ofcell-mediated immune response.

This work supported by Grant No. 88-0216 from the Air Force Ofice of Scientific Research.
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3L STRUCTURE-ACTIVITY MODEL OF MOUSE INHALATION LCM

Vijay K. Gombar, Kurt Enslein, Harold H. Borptedt, Jeffrey B. Hart, Benjamin W. Blake,
Michael E. Tomb, James R. Carter

Health Designs, Inc., 183 East Main Street, Rochester, NY 14604

A structure-activity model of mouse inhalation LC5o values has been developed. This model can be
used for the estimation of mouse inhalation LC5 . values from chemical structure. In addition to an
equation capable of predicting values for heterogenous data sets, an equation was developed
specifically for fluorohydrocarbons.

The 321 LCs0 values were mostly collected from the open literature. Independent parameters
consisted of MOLSTAC(c) substructural keys, molecular connectivity and kappa environment
topological indices, and sigma and pi electronic charges. The equations were developed with
multivariate regression techniques. Extensive diagnostic procedures were employed to assure the
robustness of the equations.

In the most general model, 50% of the LC50 values are predicted within a factor of approximately 2.0,
and two-thirds within a factor of 2.5. Ninety percent of the values are predicted within a factor of 5.

This model has been incorporated into the TOPKAT program to permit its convenient use by
researchers and industrial health and regulatory personnel.
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3g. THE EFFECT OF TRICHLOROETHYLENE IN IRRIGATION WATER ON PLANT
GROWTH

Alan XL HoIck, George H. Leo

Armstrong Laboratory for Human Systems, Brooks AFB, TX 78235-5501

Trichioroethylene (TCE) contamination of soil and/or groundwater is a problem at several Air Force
installations. At one installation, TCE-contaminated water is used for the irrigation of nearby
orchards. Concern has arisen as to the possible deleterious effect of TCE on the plants, and, by
extension, to humans consumingthese plants.

Bioassays utilizing germinated sorghum (Sorghum bicolor L.) and pinto bean (PmaseoLus vuulgaris L.)
were performed. Multiple replications were exposed to several levels of TCE in water for 14-day
periods. The plants were then harvested and mean shoot length and dry weight were compared among
TCE concentrations. The concentrations of TCE and its metabolites in exposed and nonexposed plant
tissue was also determined. The results obtained should be helpful in the development of biologically
meaningful standards for groundwater ontaminants.
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40. A CASE STUDY OF A CATASTROPHIC TOXIC EXPLOSION - SOME INSIGHTS
FOR AN EFFECTIVE EMERGENCY RESPONSE SYSTEM

L.D. Mendenhalli, D.E. Hattendorfl, D.D. Morrisont, It Tueyl, D.A, Downing2

iGeodynamics Corp., 21171 Western Avenue, Suite 100, Torrance, CA 90501
2Geodyamilcs Corp., P.O. Box 5548, Vandenberg AFB, CA 93437

Castastroic events such as rocket booster explosions, chemical plant farea/explosions, and nmclr
plant disasters can release very large quantities of toxic substances into the environment over very
short periods of time. Depending on the location and environmental conditions, these materials can
spread extremely rapidly and place humans at risk. Such events pose a difficult challenge for an
emergency response system (ERS) to deal with. This paper describes one such event - the explosion of
a large rocket booster at Vandenberg AFB - and shows several implications this event has for effective
ERSs that must deal with the atmospheric dispersion of toxic contaminants.

Predicting the probable path of the spreading toxic cloud as accurately and as rapidly as possible is the
first function an ERS must perform. This requires knowledge of atmospheric conditions and suitable
models for describing the transport and dispersion of the toxic material. Too often, however, models
are employed that have not been adequately tested against the conditions for which they are being
used, or the meteorological data used for input to the models are not timely or of adequate spatial
resolution. Also, the models may not be initialized with good data on characteristics of the source term
(e.g., heigh and width of the stabilized toxic cloud). This paper illustrates the necessity for providing
toxic dispersion models with timely data and shows examples of several sources of such data. Finally,
examples are shown on how essential data could be displayed in real-time as part of an ERS.
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41. EVALUATION OF OTTO FUEL II FOR TERATOGENIC EFFECTS PHASE TWO:
NONRODENT SPECIES

LI.. Leal, J.R. Cooper2 , D-.A Macysi

WNaval Medical Research Institute Detachment (Toxicology)
2Armstrong Aerospace Medical Research Laboratory, Wright-Patterson AFB, OH.

OTTO Fuel 1I is the propellant used in the Navy's MK 46 and MK 48 torpedoes. Navy personnel
guidelines authorize the assignment of female crew members to billets involving the fueling and
maintenance of these torpedoes. These policies have raised questions regarding the potential for
OTTO Fuel II to cause birth defects.

Studie were initiated in early 1988 to determine if OTTO Fuel 1U was teratogenic in the rat and
rabbit. Results of the rat study revealed evidence of fetal toxicity only at doses which also caused
significant toxicity to the dam. A reduction in maternal body weight during the dosing period was
accompanied, in this study, by a reduction in fetal length and weight. An increase in the number of
fetal resorptions and a decreased number of live fetuses was also noted. Because of a lack of significant
grss morphologic malformations in any of the fetuses examined and the absence of toxic effects in
fetuses from dams which did not themselves display toxicity, it was concluded that OTTO Fuel II was
not a tratogen in the rat.

The present study replicates our previous work in a nonrodent species. Forty-eight artificially
inseminated rabbits were dosed dermally with OTTO Fuel 11 at the rate of 0, 100, 316 and
1000 mWkgday on Days 6 through 18 of pregnancy. A significant reduction in maternal body weight
was seen on Day 15 of pregnancy and occurred only in the high dose group. Liver weights recorded at
necropsy were significantly elevated in this group. Morphologic examination of the rabbit fetuses
failed to reveal significant evidence of fetal malformations or toxicity. A statistically significant
reduction in the total number of live fetuses was noted, however, but only in those dams receiving the
1000 mgirgday dose. The preimplantation loss indicated that fetal death occurred very early in the
developmental process in then animal. This fetal loss is possibly related to an increased level of
blood methemoglobin in the dam. Based on data from both the rat and rabbit studies, we conclude that
OTTO Fuel U is not a teratogen according to current Environmental Protection Agency testing
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